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CHAPTER I: NTRODUCTION

Wind generated or short period waves continually arrive at the coast.

The approaching waves become unstable at a certain depth and the tops of their

crests spill down or plunge over their forward faces. The wave height :

decreases as the wave energy is converted into turbulent eddies in the surf

zone. if waves break at an angle to the shore, they induce a longshcre

current in the surf zone. The current acts somewhat analogous to a river, -,

ransporting sediment mobilized by the breaking waves. Coastal engineers 'ave -e.

long worked to correlate sediment movement and current velocities to predict

sediment transport, shoreline evolution, and pollutant transport. This

requires accurate estimation procedures, or models, of the longshore

% %
current. This report presents an analytical longshore current model for % .0

engineering use. The model employs an expression developed in this report to

describe the nonlinearity of the wave height decay, and it also Includes the . 1

effect of wave setup, finite incident wave angles, and lateral mixing. The
%

advantages of an analytical model over a numerical model are the ease of

discerning the functional dependencies of the physical parameters and the ease

of applying the model.

Waves transfer momentum from offshore to the nearshore. in the .

nearsncre, the waves break when they reach a depth comparable to their .eign:, -

3n- the wave energy is dissipated in the surf zone. Waves breaking at an

angle to the shoreline induce a current parallel to the shoreline due to

,nanges in the longshore component of momentum. The balance of momentum s".

conserved in the surf zone by the external forces of bottom and surface snear

stresses. The change in the onshore component of momentum also causes 3

change in the mean water level in the surf zone, known as wave setup. .

, omentum is also diffused or transported by turbulent eddies.

Water motion in the surf zone is extremely complex. The flow is

insteady and three-dimensional, with dynamic upper and lower boundaries. No 0

a3equate theoretical description of water motion in the surf zone presently

exists. Therefore, to predict longshore currents it is necessary to sim:V"y

dS. %
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the problem by considering an idealized environment and to include a certain I.P

amount of empiricism. Applying various degrees of simplification, many

investigators have calculated longshore currents analytically and numerically

using empirical correlations, continuity of water mass, energy flux, and

momentum flux.

In 1967 Galvin reviewed the state of the art of longshore current pre- S

diction. He concluded that the best approach at the time was the prediction

of longshore current velocity through empirical correlation of data, but he

cautioned that the available data were not reliable. Much progress has been -

iade in the prediction of longshore currents since the review by Galvin. Tne

progress mainly is due to the introduction of the concept of radiation stress

ty Longuet-Higgins and Stewart (1962, 1963, 1964). Radiation stress is used

to caiculate the flux of momentum parallel to the shoreline due to incident r-P

daves. Bowen (1969), Longuet-Higgins (1970a, 1970b), and Thornton (1971) were •

the first to apply radiation stress concepts in the equations of motion to

predict longshore currents.

In the radiation stress approach it is necessary to specify the wave

height through the surf zone a priori, but the mechanisms that determine the

wave height in the surf zone (wave breaking, wave deformation, and energy

di ssipation' are not well understood. No quantitative, first-principle. .

theoretical model of wave height decay exists; therefore an empirical apprca".

:s taken in longshore current modeling. The standard assumption is made tra't,

in the surf zone (after initial wave breaking), the wave heignt, H , ''

4escribed as a linear function of water depth, h , in the form

H Yh- .",

where Y is a constant of proportionality. This is known as the szUling

breaker assumption because It holds fairly well for waves classified as

spilling breakers. However, several investigators show that this is not v1'__ .-.

n general (Horikawa and Kuo 1367; Nakamura, Shirashi, and Sasa,i 1a9'; Str'eet-I

and :amfield 1967; DIvoky, Le Mehaute, and Lin 1970; Dally, Dean, an'.

airym.ple, 1985a, 19855t, an. it is especially inappropriate for mild :cttm %

sl:pes, -n which waves ter. to break by plunging.

3 0*
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Investigators following Bowen, Longuet-Higgins, and Thornton bult: on

the radiation stress approach by eliminating some of the simplifying .- "

assumptions and making more general models. But, all have retained the

spilling breaker assumption despite its proven invalidity. '.

This investigation examines the effects of using nonlinear wave heignt

decay, namely a power law decay, on the prediction of the longshore currents 0

i3stribution. The power law wave height decay is of the form

H Hb (h/hb) 
Wk

where the subscript b indicates breaking conditions, and the exponent n , to

be determined empirically, is assumed to be dependent on the beach slope and

.he breaking wave conditions. It will be shown in this report that a closed-

form solution for the longshore current distribution can still be derived if .

Equation 1-2 is employed instead of Equation 1-1. -,-U

The main body of this report begins with a review of previous longshore

current models. Special attention is paid to the Longuet-Higgins model

because it has served as the basis for most models that followed. Next, te •

wave height decay portion of this study Is presented Seven independent .a1 % 55."

sets are empirically fit to the wave height decay power law, and the exponent 
...-

of the power law is parameterized. Then, an analytical longshore current

model is derived from the equations of motion based on the radiation stress

a.proach. The effects of large angles of wave incidence and of lateral mixin- .

are included in the model. The current model gives the longshore current as a

function of distance offshore, incident wave conditions, beach slope, friticn ..- ,
coefficient, and a parameter, P , expressing the relative importance of .

lateral mixing and bottom friction as introduced by Longuet-Higgins '9UZ •

Review of Previous Models -''--. .'.5.

The radiation stress approach to modeling longshore currents was 0

developed independently by Bowen (1969), Longuet-Higgins (197Ca, 1370o', anr *.. ..

Thornton 1971). Although the three mocels are similar, there are differences .- "'

4!n the assumptions made in the bottom shear stress and lateral mixing ter-s. .

0.

%74'
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The former two authors developed analytical solutions for a plane beach; the '--V

latter developed a numerical solution for arbitrary profiles of straight,

parallel contours, using a more realistic bottom friction stress. The .P
os e f le o

Longuet-Higgins moael is the easiest and most straightforward to use (the
solution of Bowen is in terms of Bessel function~s and the model of Thornton -. ,i

requires a numerical solution), and appears to give very acceptable results

fzr a plane beach. The Longuet-Higgins model, therefore, has been _;sed as te

basis f or more recent longsnore current models. A review of the Longuet-
%-P. -4

Higgins model is given, followed by overviews of other momentum-base.

models. Basco :!982) presents an thorough review of surf zone current

literature with an annotated bibliography (Basco and Coleman 1982). Table - 1. 6

gives an intercomparison of selected models of the longshore current

distribution across the surf zone. -" "

Longuet-Higgins. Longuet-Higgins (1970a, 1970b) derives an analytical

model for the steady longshore current from the governing equations of water

motion. He makes the assumptions 'given in Table 1-2; in addition he assumes

linear wave height decay given by Equation 1-1. The equation of motion for

tne longshore direction for this Idealized case reduces to a balance between

the local wave stress, the stress due to horizontal turbulent eddies, and the

ti"ne-averaged bottom friction stress. The local wave stress is the dr.ving

force of the currents, and it is the net stress in the longshore direction

exerted by the waves on the water in the surf zone. This stress is caloulato..--

'r=n the radiation stress. The bottom shear stress is linearized by assuming

tne incident wave angle is small and the steady current is weak compared wn"tr,

the wave orbital velocities. These assumptions reduce the bottom shear stress

to the product of the orbital velocity and the longshore current speed. The

lateral mixing stress is a function of the horizontal eddy coefficient. , .

Longuet-Higgins assumes the horizontal eddy coefficient is proportional :: .ne

offshore distance multiplied by a typical velocity, the shallow-water waie

ce:erity. The distances (measured from the mean shoreline) are '."

norimensionalized by the distance from the mean shoreline to the breaker

line. The longshore current velocity is nondlmensionalized by tne voec'-.

% %%.%

100
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Table 1-2 
. - 8

Longshore Current Model Assuptions..

AVE F1ILD 
.

Monochromatic waves 
.Linear, shallow-water wave theory ,Steady state wave field 
,

,r .

BEA CH 
0

?,.

P l a n e , s l o p i n g b e a c h 
., ] ' .-Imp~ermeable beach ' ' e "

Tab.e,-- 
,. .

0

Hydrostatic pressure distribution d m

FAVEUIEL

:icompressible, homogeneous fluid

%

urrent constant through depth and time
.rrent homogeneous in the longshore directionurrent weak relative to the wave orbital velocity

NEGLEC-TED STRESSES 
0-, n

No wind stress beachNo atmospheric pressure gradientn
No wave-current interaction 

"" "'"N o C o r i o l i s f o r c e 
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at the breaker line when the effect of lateral mixing is omitted. The stress .

balance is described by a second-order differential equation with a closed- -i
form solution. The solution is a function of the relative effects of lateral
mixing and bottom friction. Longuet-Higgins does not include wave setup

explicitly, but he suggests modifying the beach slope to include the change in

water depth due to wave setup. He also does not include refraction because

the angle of wave incidence is assumed small.

The strong points of the Longuet-Higgins model are: (a) the model

3ol~ition is simple and easy to apply and, (b) the model results compare well

to available data. The weak points of the model are: (a) the numerous

simplifying assumptions, and (b) the spilling breaker assumption in the

lateral mixing and bottom stress terms was applied seaward of the breaker line

where it is no longer valid.

Bowen. The Bowen (1969) model differs from the Longuet-Higgins model in

several ways. Bowen assumes the bottom shear stress is proportional to the
longshore current speed, neglecting the contribution of the wave orbital

velocity. He also does not account for the effect of variation in depth In 'X_

the lateral mixing stress. Although Bowen simplifies the stress terms

considerably more than Longuet-Higgins, his solution is more complicated. -he

solution is in terms of Bessel functions and is, therefore, more d I " I.c 'f! t t

Ise. On the positive side, Bowen explicitly includes wave setup in the srf

zone, and he neglects it outside the surf zone where it is negligible compare

to tie depth. % %

Thornton. Thornton (1971) uses solitary wave theory in the surf zone .

specify wave celerity and linear wave theory outside the surf zone. -'or n... n

relaxes the plane beach assumption, but still assumes a beach of straight an:

parallel contours. He also includes setup and refraction inside and outsi"e

the surf zone. Thornton uses Prandtl's mixing length hypothesis to calculate

the horizontal eddy coefficient in the lateral mixing stress. He assumes the

horizontal eddy coefficient is equal to the amplitude of wave particle mot.:n •

multiplied by water particle velocity fluctuations due to waves in the snore

normal direction. The Jonsson (1967) friction factor for turbulent flow was ii
isel in the bottom stress term. Thornton also does not account for the

1

. . . . .. . .. .• - ." .". . . . . - • .-. . . .. .• - -.. . - .. •.. ." . . . . . -% .. .".- . .. % -i?-13";



variation in depth in the lateral mixing stress. Thornton's model requires 3

numerical solution. "f.--

James. James (1974) uses hyperbolic wave theory In the surf zone and ..

!.near wave theory far outside the surf zone with a transition region in ' .2

between to calculate the wave stress. Hyperbolic wave theory is an .

approximation of cnoidal wave theory which is believed to describe the wave _

.Drm in the surf zone better than linear theory. James includes refraction,
setup, and return flows (to insure the mean shoreward mass flux is zero). Lie

a'so eliminates the weak current assumption. Outside the surf zone, he uses

experimental results to define the eddy coefficient to be proportional to tne S

Inverse of the depth. James relaxes the plane beach assumption, but requires , -

the beacn slope to be mild. The mild slope assumption may invalidate the

Ir.ear wave height decay assumption (as stated earlier). ,.so, the model is . ,

formulated as a set of differential equations that must be solved

numerically. This model is much too complicated for practical engineering

use.

Jonsson, Skovgaard, and Jacobsen. Jonsson, Skovgaard, and Jacobsen jvt

''975) return to using linear wave theory throughout the nearshore region.

They use a nonlinear bottom shear stress and introduce a friction factor tna...

-s an interpolation between the friction factor for waves only and tne -. "-

fr-iction factor for currents only. Jonsson, Skovgaard, and Jacobsen adoot
Thorn.ton's 1971) formulation for the Lateral mixing stress, but they.

account for the variation In depth. The model is a differential equati4"o

snic" 's solved numerically. .'

Keele y and Bowen. Keeley and Bowen (1977) take into account longshnore

1ariations in longshore currents, removing the assumption of the current teing

-omogeneous In the longshore direction. Spatial variations in the longshore

current, typical in the field, are caused by irregular bathymetry and spa:ia.

variations in the wave field. Keeley and Bowen follow the Longuet-Higgins '

4erivat.cn of the longshore current due to obliquely incident -waves, tut oTt

tre lateral mixing stress. They linearly add the currents due to ool~q-ely

no:nient waves, variations in the wave height in the longsnore lirecticn,

•;ri3tions in the wave angle in the longshore direction, and nonlinear effe -

.,,. . '.'. .- -,-."."-%. , -. %..,,%' '-' % % '% % , , ' .,~aa , - -.. % .. .



"due to the advection term in the longshore momentum balance). They also

include wave setup. The Keeley and Bowen model must be driven by a refraction.
model which provides the variation of wave heights and angles in the longshore

direction. The contributions of the longshore variation in wave height and

the nonlinear effects to the longshore current are small. The model requires

a numerical solution.

1iu an! Dalrvmple. Lii an! Dalrymple (,973) present a weak current

-.o~el and a strong current model. Both models include the effects of large

'no:,dent wave angle 3nd wave setup, but exclude the lateral mixing stress.

the we3K current model, the longshore current velocity is assumed small

=conared to the wave orbital velocity. in the strong current model, the

" :ngshcre current is assumed to be of the same order of magnitude or larger

t-.an the wave orbital velocity. The absolute value of the total velocity

"ongsnore current plus wave orbital motion) is approximated with a truncated S

cinomial series. For the weak current model, the bottom stress term is

simp1liied to a linear function of the current velocity using the weak current

assumption. The solution of the weak current model is in closed form. 7T-e

strong current model results in a nonlinear ordinary differential equati:on 0

solved numerically. The solution of the strong current model s fun

iteratively because the setup is not known a priori. The neg-ec f late-al N-

m7x ng - mits the use of this model.

Kraus and Sasaki. Kraus and Sasaki (1979a, 191gb) a:d st-'' 3notner

.mpr:vement to the lineage of momentum-based longshore current models -he-;..

:nodel includes the effects of large incident wave angles and tne "ateral .

mix.nz stress (omitted by Liu and Dalrymple). They assume that tne -agnl" tz ,.

of the longshore current is small compared to the wave orbital velocet.'.

Setup is approximated by modifying the beach slope as suggested by onuet- ,,-..-_,

Higgins. Similar to the Liu and Dalrymple strong current model, Kraus ano
SasaK. approximate the absolute value of the total velocity ',iave ori.tal ;_ s

_ongshore current) with a truncated binomial expansion. "-si.e t .e s,!-' z:.e, S

t ney 31so apply the approximation "-"

9 ' ' 2."' " ,V. '

cose " I nh sin'8 b
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..*. . .derived from a trigonometric identity, shallow-water approximations for the -*. a

4ave celerity, and Snell's law, where 6 is the angle of wave incidence. The
model has an analytic solution in the form of an infinite series of
successively smaller terms. Kraus and Sasaki verified the model with
laboratory data (Mizuguchi et a!. 1978) and their own field data.
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For completeness, some of these models are briefly described. Le Mehaute

(1963) approximates a breaking wave as a hydraulic jump, substituting the .

energy dissipation of a hydraulic jump for E in Equation 2-2. The same

approach with some variations is applied to periodic laboratory waves by '?.'."-".

:ivoky et al. (1970), Hwang and Divoky (1971), and Svendsen (1984, 1985).

Battjes and Janssen (1979) also use the hydraulic jump model, but apply it to

random laboratory waves. Thornton and Guza (1983) refine the approach of

3attjes and Janssen and apply it to both laboratory and field data.

Although the hydraulic jump model appears to give the best explanation

of the physics of wave breaking, three other approaches are mentioned becauise

of their uniqueness and insight. Horikawa and Kuo (1967) model surf zone

energy dissipation due to bottom friction and turbulence using solitary wave

theory. The turbulence is assumed to decay exponentially with distance from

tne break point. The results are good for a horizontal bed, but poor for a '. - .. . - -

plane sloping bed. Mizuguchi (1981) models the surf zone energy dissipation

by replacing the molecular viscosity with the turbulent eddy viscosity in the

solution for internal energy dissipation due to viscosity. Mizuguchi's model

allows more complex beach profiles (step-type beaches) and reformation and

second breaking of waves. The model gives good results when tested with

laboratory data for wave breaking on a horizontal beach, a 1/10 slope :lane

beach, and a step-type beach. But, Mizuguchi admits that the eddy viscosity

assrmotion is "obscure." The model requires a numerical solution. Dally et

a'. "985a, 1985b) propose what they call an intuitive approach. The

iss.Pation, E , in Equation 2-2 is assumed to be proportional to the
,.% Z. ,

fference between the local energy flux, ECg, and the "stable" energy flix,

or ,
P

-k/h) (EC ) ' -

where 4 :s a dimensionless decay coefficient and h is the cal st - . "-

4ater depth. The stable energy flux is found to be assocated w-tn a w3ve

reignt equal to approximately 0.35 to 40.4 times the local depth. 7n_3

3pprsacr allows a breaking wave to stabilize or reform and break aga... 7-e

% % %-. %

,: -.,:.,%.,
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formulation also allows for an arbitrary beach profile and the inclusion of

wave setup, but this requires a numerical solution. AnaLytical solutions are w"

lerived for simple profiles (horizontal bottom, sloping bottom, and Dean's -. ,a

, '. .-.- .-..

'17)equilibrium profile). Results are good in comparison to laboratory -

jata. Since this approach is so successful, the power law decay model will be -'

compared to it.

-.

Power Law M1odel of 'Wave Height Decay,-''

b 0*

n this study, the wave height decay is expressed as the power law z

H h h b  ( h b ) n 2 a . , ,

This form was chosen because it is similar to the linear wave height decay .ZJ

model, and it reduces to the linear decay model (Equation 2-1) for an '

exponent, n , equal to qi0. Equation 2-4 is applicable from the breaker line

to t e mean shoreline Two constants, Y and n , must be specified in's

-_-Qat~on 2-41 It is noted that the formulation of Daily et a!. (1985a,.

aLso requires specification of two parameters through empirical cons b eraa. ns

T.e Siportance of beach slope in the decaypoer ley shown wn Figlure

-' Hrikawa and Kuo also suggest the importance of the wave steepness,

o -c' ,.eP H is the deepwater wave heig t and L D cay'[

ae engti, and the breaking wave condteys exprsse as the power bl

-is---fwi wasng a descrptaon of the wav heinear ave height decay sta te .;.].e ..

anl adyze the data and quantify Y and n are explained. 0

Seven independent sets of Laboratory and prototype scale cafe inc_-.r:3:.g

5 experimental run s n that of /90 to / 0 are used to (uantif 'i

.egnt decay. These data sets were obtained through a compree nsierVe 3etrc ".,

[ the "iterature in English and Japanese. Table 2-1 summarizes th.e .ata. The
**eak ng wave heights (of monochromatic waves) range from .67 cm to m, F ,'-.

an" te wave periods range from g 2 s to 90 T e of te ave steeon ess,'

ar .. weren H0 31 and 0.091 The data are i sted In Appenedex A t--

%" % %. %,%

• V%•
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Table 2-1

Data Summary for Wave Heigh1t Dec-ay S

Source S Numner of Runs

Horikawa and Kuo (1967) 1/80 57
and Kuo (1965) 1/65 16

1/30 19
1/20 21

Marjyama et al. (1983) 1/62.5 1%
1/45.5 1
1/29.4 1
1/22.2 1

Mizuguchi (1981) 1/101

Saeki and Sasaki (1973) 1/50 2 ..

Sasaki and Saeki (1974) 1/90 1 .-*,,

Stive (11985) 1/4O 2 ..

-- 'k

Van Dorn ( 1977) 1,12 -.

1/25 4 .,

!/45

.- :.?"

0

j.

J.1

.........................
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Horikawa and Kuo performed their experiment in two parts. The !/20 and

1/30-slope data were collected in a flume 17 m long, 0.7 m wide, and 0.6 m S

deep. The slope was covered with a smooth rubber mat The 1/55 and I/0 -

slope data were collected in a flume 75 m long, 1.0 m wide, and 1.2 m deep.

The slope was concrete. The Maruyama et al. data were collected in a

prototype-scale flume 250 m long, 3.4 m wide, and 1.2 m deep. The initial

slopes (1/22.2, 1/29.4, 1/45.5, and '/62.5' were formed of sand and were,

therefore, not constant throughout each run. The Mizuguchi data were

collected in a wave basin 15 m long and 15 m wide, but the width was truncateo _

to 9 m. The 1/50-slope Saeki and Sasaki data were collected in a flume 24 ..

ong, 0.8 m wide, and 0.3 m deep. The 1/90-slope Sasaki and Saeki data were

collected in a flume 24 m long, 0.6 m wide, and I m deep. The slope in both

cases was formed of smooth plastic. The Stive data were collected at two

scales to compare scale effects. The large flume was 233 m long, 5 m wide,

and 7 m deep. The slope was sand with an initial slope of 1/40. The small

flume was 55 T long, 1 m wide, and I m deep, with a concrete slope of 1/40.

:he Van Dorn data were collected in a flume 24 m long, 0.5 m wide, and at a

still-water depth of 36 cm. The slopes were formed of plate glass. .

7e parameter Y is defined as the ratio of the wave height to the %

.oca: 4ater depth at breaking, ."

' - H /h
b b

ty 5olving Equation 2-4 for Y with H-Hb and h-hb. This ratio is very

s3gnficant because it specifies where a wave will break. This is iTportant

in the design of coastal structures, so the specification of f nas

stimulated much interest.

McCowan (1891) calculates the critical H/h ratio for wave treaK ng froy.-.

solitary wave theory. His value,

Hb/hb- 0.78

g /es a -easonatle average of the measured" Y-values from the data s.r.arLoe:

%% - .%

% 0 %

a. .. .% %p . ,
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in Table 2-1, but it does not explain the measured variation in " Figue .

2-2 shows McCowan's expression versus measured values of Y available frsn e

data set (Appendix A). Galvin (1969) includes the effect of beach slz:e, .

in his empirical relationship i -

Hb/hb '/8b $" %

b b b

where 8b= 0.92 for m > 0.37 and 8b = 1.40 - 6.85 m for m < 0.C-. C :ns

an Wier (969) also include beach slope in their empirical express.r."

b/h b = 0.72 + 5.6 m

Galvin, and Collins and Wier predict increasing Y with increasing slope. *-

,'he data indicate that this trend is correct (Figures 2-3 and 2-4), but thne

large variations in Y for a given slope are not accounted for by these two

equations. Goda (1970) gives Hb/hb is terms of hb/LO and slope in graphia [ '. .

form (Figure 2-5) obtained by fitting field and laboratory data. Weggel .,
2 

% % %

,1972) gives a similar expression in terms of H / (where T is tne wave

perizd' and beach slope 6

H /h - b(m) - a(m) H/T 2 "
b bb

-19m -19.5m " . .

.here am) 1 1.36 :1 - e ) and 1/b(m) - 0.64 '1 e . The n S

a , are sec2,/t. Figure 2-6 shows Weggel's expression versus the .e a r :

vai~es of Y Singamsetti and Wind (1980) and Sunamura ',198') inc>.e t.e

effects of beach slope and wave steepness (Ho/L ) in expressicns f-.. n. "

3 ingamsetti and Wind's equation,

H /h 1.16 (m/(H L )1/20.22

;s plotted in Figure 2-7 against the data summarized in tabe 2-'. n0

e-uat ion,

;, '~~/6 -111 2,.',.
Hbihb = '1 ) (H /L )--./-2

2 3

-.-. -,. ,-.......-........-................. .....*; :.,....:... ....... ;..,...,...;..,,..,.,-, . .-.....-.......--. ,,...... -



0

K% %

%-~ %J

0.2.

-1 
4.,rea

F i - 2-. Cmaisno acuae yte 
'es

c 1 Mc-4a (19)ade..ieta eut

740



°-

04

GALV IN %

0.0 0.2 0. 1 CA| 0.0 L.0

(measured)

Figure 2-3. Comparison of Y calculated by the expression of
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Ls plotted in Figure 2-8 against the data. Equatiorns 2-6 and 2-7 are quIte

similar. The equations give a rough estimate of the measured value of v , v

but they do not explain all of the measured variation in Y.

Plots of the measured Y versus Hol. o (Figure 2-9) and beach slope %""-%

.Figure 2-10) show that Y decreases with increas'ng wave steepness and

.ncreases with increasing slope. Figure 2-11 is a plot of Y versus a

.omtinat;.on of these two parameters, m/(H o/L) known as the su-frf

sim:larity parameter (Battjes 1975). The plot shows some increase in Y 4t-.

an increasing surf similarity parameter, but the relationship is weak and .e-e

:ata are very scattered. Obviously mucn effort has been expended in tne pas'

o dete-mine Hb/h. Although none of the expressions presented gives an
b b'

excellent fit to the data, the expressions of Singamsetti and Wind, and of %

Sunamura provide the best predictions. It is evident that doth the %

measurement and the process of wave breaking are very complex and that the p

phenomenon has a large variability.

The second parameter needed to quantify the wave height decay .n this

study is the exponent n The n-value in Equation 2-4, obtained as a best

f it to each of the tecay profiles in the data, was calculated by regress. *:-'

analysis. Equation 2-4 is nonlinear, but it was transformed to a linear r"".

using natural logarithms, and the curves were fit to the data tv tne met".c:"

leat squares Miier and Freund '977). The method of least squares m:n.-ize %%

* ne suL of the squares of the vertical distances from the data pcints to tne

regression curve. Equation 2-4 transforms to

In H - in (Yhb ) + n in (h/h,,b

n which In is the logarithm to the base e The previous equat-Dn s :f

Y -a *b X -..- -c- ,

nere ris unknown. The (Yh )-term can be treatel e-tner as a (nown

n.n-w , In the analysis. The value of Yh for a partLcular run .s -

%* % %
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equal to Hb , which is aval-atle in the data set. :f the value of 'n I

b b
calculated by the regression, this g:ves a better fit of tr.e curve to tine %

lata. But, by letting Y "float" as a free parameter, it is no inge- equal

to Hb/hb Therefore, the value of 'h is set to Ht for eacn run, an:

-' t.e value of n :s a' owed to vary to f t t he 'ata. . -

The f.rst attempt to q-ar.t.fy , was to caIculIate :t for each data r.n '-

=-in tn-e regressizn analysis, and. to plot tnese n-val-es against s1gnf4 :art.

:3reters f-r respective runs. The parameters chosen to relate witn the n-

v31-es were teach slope, wave steepness, surf siml arity parameter, and s-rf

s.=-ar:ty carameter at wave -reaKing, m'H'H Figure 2-i2 shows

:ersu;s beacn slope for e_ cn -'.n. .he plot shows an inverse or nypero_: 4-

-elat::nsnio between n anC slope, but there is much scatter. An n-value ,

greater than 1.0 indicates a concave upward decay profile, so larger n-va>.es :,'

a3ssoc3ted with smaller slopes fits the trend in Figure 2-1. F1gure 2-13 -5 a S

plt of n versus Ho/ .  No correlation between n and H 0 0 i obvious.

.ures 2-,U and 2-15 are plots of n versus the leepwater surf similarity "

parameter and the surf similarity parameter at breaking. The correlati.or.

takes a hyperbolic shape in both cases. These four plots show that n an:

7i do not have a strong relationship, but n and slope are relatet, as wa.

<rcwn from the onset. The plots show that for steep bottom slopes, the

.-va' e 3 wer and less variable, whereas on gentle bottom slopes, tne

va .e .s extremely variable. S

r:s first attempt was encouraging, but not conc_.,sive. 7.e n-vales

for neindividual runs on small slopes were extremely variable. loser ".

exam'nation of these runs (Horikawa and Kuo 1.'80 and 1'65 s!oces,; shcwed

3ome runs had as few as four data points, and in some cases the data s.r.anned

-nly one-third of the surf zone (from the breaker line insrore . n -i . rs i-" -

few data points, the n-values were higher. The lack of inshore data o:. "ts

the decay profiles evidently biased the results. %

.o eliminate the problem of sparse data in some runs, all data f~' esor.

3:1: e were nondimenslonalized and combined. The wave height was

31

%N%~~, %' %. %%
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nond.rnensionallized by the breaking wave heign-t and the water d!epth was %1.

nondimensionallzed by the water depth at tre3King. Equation 2-4 becomes le

HiHb n/

The equation was transformed to the !i.ear form

, .% .-.-

a. a regression analysis was performed. The results of the regression are

-er. nTable 2-2. The n-value is the result of the regression for the

.. ed ncnd:rmensonal oata. The values of Y and H / o are tne averages of
0 0.

ire comzined uns. Figure 2-16 is a plot of the "lumped" n versus the inverse

-If bottom slope. A linear regression of n as a function of slope gave the

equat . on

. - ....

n - 1.35 + 0.009/,m
*'. . .

.on a :orrelation coefficient, r , equal to 0.71. A regression was also

ocne orn a subset of the data, the Horikawa and Kuo data, and gave the euation

n - 0.89 0.17'f

..t-a oorrelation coefficient equal to 0.36. The HoriKawa and o ai set.-"-

wis selected as a subset because it Includes more runs and data po:nts per

'pe than ,he other data sets and thus woulJ be more statisti-ally stale.

:.gure 2-17 is a plot of the "lumped" n versus the averaged 7' e P, I

3ows no obvious correlation.

Altnough the relationship between n and beacn slope is fairly :lear

for ' e combined data, the scatter in the data implies there .ay be 3nctrer

.7--ran factor, assuming that random experimental vari.bilit; JS not"

'a -_a.se. To resolve the variation in n for a given slope, Vrs~s

a r.1 n Ve s 'V were plotted for selected slopes. a.igres a"'

Sar 2l ots o. n versus ad a 1 and n versus Y for a slope of .

- R es of n , Ho'L, and Y are from. each of tne ndvtiual n, n.

3.%

. % % %.. ,* . • .°



7ABLE 2-2

RegressgrC3 esm fr Re'5e) f

d\%

Slope n Y a No. of Data so. t Sf re
aye 0. S.'-.r

Points Runs -.

S... " ,€'

1/90 '.75 0.36 .:0-5 23 SasaK! and -

Saei~i
1 '80 '.37 0.-1 .'341 r'5 " Horikawa ..

ad Kao 
..-

'/65 2.38 0.37 -22'5 42 '6 q^t" Kawa

and Kuo

'/63 3.99 3.7 .068 7 1 M aruyama

et al.

1'50 '.52 0.23 .2226 -3 2 $ae i and Ji.

SaSKL

'/46 1.96 :.70 23037 6 1 Mairuyama

et al.

'/u5 1. 3 1 .88 .3170 35 4 an Dorn

'/4J0 1.0 3.31 .0315 22 2 St; ,ve %,%

';30 '.32 ',.79 .-230 248 '9 iorlkawa

"'29 '.'2 0. 6u .0913 7 'ar I yama

et a..

1/25 1.51 0.94 .0162 39 ,an :rn S

'/22 ' ' 38 .,'252 5 3r ,"373

* 20 1.20 Z.9 i2258 4- 
-

1/12 1.9 1.25 .:156 24 " an Or'

-S.4

'''- '30 '.' .0"5 '.

'p,

"2.," ? -.,

I,

.55
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averages. The n-value still shows no relation to Ho/Zo, ut n does WPcrease .r .

as Y increases. To summarize, n is a function of slope and Y , but n

does not appear to be related to H /Lo or to the surf similari;ty parameter a ....

function of Ho/Lo).

As a next step, to avoid the problem of sparse data in some runs wit.eut

combining all the data of the same slope, runs with similar Y were cor.re

'so the effect of Y is seen). Slopes with multiple runs were diviled into

groups with Y centered on whole tenths of Y (0.6. 0.7, 0.8, etc ....

Regressions were run on each of the groups to calculate a best fit n .These '

--values, the average Y , and the slope for each group were uset as input to

a m't iple regression of n in terms of Y and slope. The assumed form of

tne equation is

n - b0 + b1/m + b2Y + b3Y/m.

The method of least squares was used again to fit a family of curves to ,? 4/

tne data. The multiple regression was run on a subset of the data, the.

Hor! awa and Kuo data, because it included more data points per slope. T e 0

-esult of the multiple regression is "
* .' '.'*.'

n - 0.657Y + 0.043Y/m - 0.0096/m * 0.032 .2"B

Euation 2-8 is plotted in Figure 2-20. The plot shows that n increases

,~tn ncreasing Y and decreasing slope. The interaction term of an.

slpe accounts for the increased steepness of the curves as the slope ...-

decreases. Figure 2-21 shows all the data plotted against Equation 2-B. The S

second term in Equation 2-8 is the leading term for moderate-to-mil e"e : -- .

slopes. The value of n Is mainly controlled by f , but is also sens3.'_::e

to m because the beach slope varies over an order of magnitide dwerea3 tie

valie off Y deviates little from unity. •

Figures 2-22 through 2-27 give examples of the fit of the power "a-i ,e

.e gnt decay model to the Horikawa and Kuo laboratory data. The solid Lie .

-"e:eent5 the power law model. The n-values used were calculated fro. ... ,
,u.:~tn 2-8 with the measured values of n and beach slope. The -ashed _e e

.3 -e r.t of the ally et al. model described earlier. The recomrn...e. .

%:'~

% %
.2 -r 7.t
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Figure 2-22. Comparison of wave height from experimental results, power
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power law model (n-i.6i, Y -1.18, and slope-i /20), and Dally et a'..-

;95ra,1985b) model 7
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of k 0.15 and the stable wave height of - . h were .sed t3 ca3u;ate

the Dally et al. wave height decay. The decay profiles on the steep beach

slopes show almost linear decay with a pronounced setup 'not included in tne
- Dally et al. curve). The decay profiles on trhe mil"l slopes snow a concave

-. • .p W

.pward shape as predicted by both models. The Daily et al. model appears

fit the profile shape better on the mild slopes, characterizing the

-eformation of the wave. Overall, the power law model gives a good predicti ""

of the wave height decay.

.ne power law model predicts the wave height decay better than the

-inear decay model assumed in previous longshore current models. The power

Law model also compares favorably to the more complex model of ally et al.

'985a, 1985b). The specification of two parameters, Y and n , is required

:n the power law model. The parameter Y is the ratio of wave height to

water decth at wave breaking. This parameter is best estimated by the

expression of Singamsetti and Wind (Equation 2-6) or the expression of

Sunamura 'Equation 2-7). The exponent, n , of the power law is a function cf

and the beach slope as specified in Equation 2-B. A closed-form so!ution •

for the longshore current distribution is derived in the next chapter using

the power law model of wave height decay.

1P
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CHAPTER ILI: DERIVATION OF THE LONGSHORE :URRENT DSTRBUT::N 0OEL-Z"

. ,% .

This chapter describes the derivation of the closed-form mathematical
model of the longshore current distribution based on the power law of 'wave -

hegiht, decay in the surf zone developed in Chapter :1. The model is. in e ,,d- e

tD e an engineering too! for predicting longshore currents and for st_;ylng ...

-e1tlnsnips between physical factors generting the currents. The momen, t_ . .o

alace : n the longshore direction is the basis for the model, but many .

3impfyi ng assumptions are made in order to provide a solution in a form fzr

practica. use. The model may be viewed as an extension of the model of

Longuet-Higgins (1970a, 1970b). The effect of incident wave angles is .. -w

included in the form presented by Kraus and Sasaki '1978a, 1978b), but

truncated at second order to allow easier application. The longshore current S

model i4s compared to laboratory data and to the Longuet-Higgins model.

Assumptions ,

The assumptions used in the derivation of the longsnore cirrent -ccel

are isted in Table 1-2. Tnese assumptions simplify tne mathematical

. v..ment, so an analytical solution becomes possiole. Simi ar assu cc2:.

have ceen made in most previous bongshore current models, iclud'.g %'reri:a

-' 5es. The assumptions picture a highly oversimplified envlrornment, s:-w.,t

rer:ved from the real world. The longshore current is never completely stes:; ,..

see, e.g., Meadows 1977), in contrast to the steady state assumptio'- -e - .

ngshore current varies significantly over time periods as snort as

minutes. The longshore current is also assumed to be homogeneous in tne

!Dngsnore direction. Harris (1969) describes this as an "alongshore system"
p .~." -" . J

as opposed to a cellular system with the longshore current feei.ing r:p

_-irrents. Harris notes that alongshore -? ,tems occurred in nrly " per:ent :f

s oe dbservations nerformed on the Natal coast of Soutn Afrio3. r

-azor at ry wave -asns, more conditions can be controlled e.g., the wave

S.. e beach slope), but the lateral boundary cord 4t ion :f a n r-roer

.. ,,......... - .. ,......-.. .......-.. /.. .. ..... >':.-,, .,-, -,

.. . . . . . . . .. . .

* -. ... S.- .-. ? ~ - . .. . S S 5,
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current in the longshore direction is lifficult to achieve. :f prcper care ..

not taken, a large circulation cell will tend to form in a wave basin.

Although the assumptions made are restrictive, the trends o-served in tne

model are expected to be applicable to more complex situations. :f a cellular

system is present, a circulation model (e.g., Keeley and Bowen 1977T' snould te

.sed. The model presented in this report predicts the depth-averaged

".cngshore current distribution. This level of sopnistication is consistent

wlt- 7nost availatle measurements of the longshore cu-rrent. -.

Ecuations of Motion

The equations of motion are statements of Newton's Second Law, conser- %

vati:n of momentum. The equations of motion for the depth-averaged, stead,

flow that nust be satisfied. are

.u/ djx + v du/ y - fcv - -g (h+n) dn/ax + (l/P) Z stresses

for the x-direction (shore normal) and

u 3v/3x v ;v/y + fu = -g (h+n) n/ay + (1I) r stresses
cI

for tne y-lirection (shore parallel), where u is the mean current sceel In

the x-direction, v is the mean current speed in the y-directizyn, f, .s -_-e

i -ris parameter, g is the gravitational acceleration, anI 4 is tne mean

etp iigure 3-1). A derivation of the equations of motion is foU.: rer -D"

and :alrymple (1984). The continuity equation,

,/x [u( n + h, - /y Fv<n + ,, -

expressing conservation of mass, must also be satisfied. A!l y-der'va'ives

_re zer -,bccause of the assuption of nomogeneity in the y-'7reot;Zn r:,

applying the continuity equation 'Equation 3-3), u-C. The :no-.ls f:r-e z . .

% - -

P~ %

._ .- *,*.. . . . . - * . .,g,'* \ *.j, . : . *.

2 ,V,,,t. .. "-, - -* , *

*- ' . . . . . "...* * * *_%
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neglected. Equations 3-1 and 3-2 simpl.ify to.4

0 -g (hr. n/3x + i/, stresses-.
x 4

and

0- stresses --

y

7_;3-_cn3-4 'x-rncrent~rn) is used in Chapter .7 to derive the wave set..:.

_ at:: 3- is expar.~e: to .Ieri ve tr~e . ngshore current di st.t::t 'n.

..e stresses referred to in Equation 3-5 are the local wave st.ress, .
t7 e widsrs, t ,the stress iue to lateral mixJ ng, .wn, stes, and t re

f-:tiorna stress or. th~e tcttom, <B >.Equation 3-5 becomnes ..

7- - -<B> -'0
y wy 2. y .

7.-e w.nd stress _3 rnot inlddin th~e general deri.vation, but it is ilscsse:

later ~stnis chapter. 4 5.

local Wave Stress

..--ca. wave stress is the longshore force exerted o-r. tne er-'

.4ater -ass oy the incoming waves, an! it is typically assumnel to '-e trne

vrgforce of the longshore current. The local wave stress 3 oa_: fste:_

~.g trne concept of radia3tion stress developed by Longuet-Hlggi.nS 311 3te-37-

96 3, 196i4. Longuet-Higgins and Stewart define radiation stress _ 3

t, e excess flow of momentum due to the presence of waves. Th-e "-,x v

'r=-ent-im parallel to the shore across a plane x-constant ~s

x., x J

7w e!'e .represents tne rail 3t'. -n stress component wi. :r ~s tne ex-_-ss _x

UI0

J.* *~
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of x-directed momentum in the y-direction. Fx  is the energy flux in tr.e x- 0

lirection per unit distance alongshore, C is the wave celerity, and 9 is %

the local wave angle. By Snell's law, 'sinB/C, is a constant and is

trerefore equal to the same ratio at breaking. Equation 3-7 can then be

written as

S F ',sine C
xy x b)

Ac-f:yng linear wave th.eory, the x-directed energy flux is 

F - E C cose 3-9
x 9

where g is the Local group celerity of the waves, and is the ocal 0

energy :ensity per init surface area. The energy density is

E 1/9 pg H2 '-

:f waves do not lose energy (by wave breaking or bottom frict; -  the -e

energy fl'ux -s constant, but in the surf zone, wave energy is certa' .n.

I :st. The wave energy decays through the surf zone, and It is zero at

aP.r-:Xmately the s5horeline. The rate of energy dissipation, D , 3

aF /ax = -D
x

.-e net stress per unit area exerted by the waves on tne water t7e . ..

s .-f zone is

Y as xy/ax 
J

% %x

%%

ar_ r one E'aio.s-.-.3-1.-and312

xS /0 '''''.

yD s xy
t S%'.

- romEquaion -3-I an 3-1 "'" "

-*"-'v'

*--.--- *./..*.. \.'*'*.*J* * -" ""% "- "
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The local wave stress is proportional to the rate of energy dissipation.

Therefore, Outside the surf zone, where energy 10oS is small (minimal wave N
treaking; weak bottom orbital velocities, producing little bottom frictIon., %0

the wave stress Is considered zero. :nside the surf zone, energy loss by wave

:reaking As dominant, and bottom friction is also believed to be significant. .

.o th~is point, the Jerivation is3 not original1, but has f.-llcwed that :f

I~nget-Hggin :' a, '9-Ct'. Next, the wave height decay power law zs

r.ccrccate(! by applying Equati4on 2-4 to describe the broken wave ne:grnt :n
:"-e suirf zone. Th-e l'ocal wave energy "Equat ion >)becomes

- ' g 2hhh-

ani tne energy 'lux 'Equation 3-9) becomes

F '8 g .Yhb (h/nb ~C038

e2 :nal water, the wave group c elerity and the wave celerity are equ;a! 3:a'

'n) 1/2
'gS

'--ear sna~ow-water wave theory. UJsing Equation 3<6, u t,)n -

Sto

F I/ p g3 / h 2.i(csx b

OiaVe setup is accounted for inslde the surf zone by alterlrng t-e 7:ea:2 3.'.

*3n as suggested by Longuet-Higgirns :9'0a)

*2
-dh/dx =tanB tanS <+3.'Syt

5a~e 3. .s asumed to be a linear function of water ea:. ;L

a , -.

%;t:n3

IK le 0



Sd.e .. €'.',,"Za

.- a,-',.;

* P. ' a-'i

The derivative of the energy flux in the x-direction is computed as an .,.,

intermediate step to calculating the local wave stress. From Equation -' -

a-ld Equation 3-18 'e-

/9x -tanB aF /ah

-3/ 12 2 " 2n-2 ) 2 n - / 2 ,. '- '

*-tans 1/8 p g Ye/(h 7 /3hh' ."

-,e "0al 1riving wave stress inside the surf zone follows dIrectly fro

-3 i0n -'9 substittel in to Equation 3-13, and the wave stress : uts e "n-? .

5rf z:ne, w~nere D is negligible, is zero ,

3/2 2 2n-2) / (.2n+1/2)
tT n '/ Y /nh Cosa) x <x

(sine /0 ) _-2 ' .,.b b %.%2

x > x

Lateral Mixing Stress

:T.e lateral mixing stress .s the exchange of momentum caused by .-0

.z-.:ontal turtulent eddies. A review of the influence of lateral mixing .-

"n csrre Current modeling was recently made by McDougal and H',soet.

N. eglect of lateral mixing predicts an unrea3is:o disoCntin :y "['

- :ngsn.ore current profile at the breaker ltne. The lateral 7,x-,4 ; stness

is of the form used by Longuet-Higgins '97,-

B, - a/ax (pcLh av/3x) -

*1ere E, is the lateral viscosity coefficient defined as tne prouct 2f 3

representative mixing length and velocity. The lateral viscosity ooef~:ient .--.

,se: is from Madsen et al. :1978). The representative mixing -ength se! is

"'.e 'stance to the mean shoreline, and the representative velocit. is one

x,, n .... .. tal velocity, 'J
0

max
.. %. - %

, x U
nlax

f . %, e

%3

- ,., ,. , - -,',:", '' . ,:t :," ": ' ': " " i l lill I I I I III II 0
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where - :s a constant. The maximum orbital veoc 4yp-.

U0
U H C/'2h) '- *. .'

max .

1/2 '/2

, % %, , *

s, -ea- sna-ow-water wave theory. Apply'ng Equatzn 3-23 a .. . . ..-. -.

ex:ress1:rn for tne broken wave neight in the surf zone, Equateon'-*- --

12 /2)
. 7x g 12 " x < x.

.4 {771 ' '-"---4

, ~x > X ,"

'ne expression for the lateral mixing stress in the surf zone from -quat:r.- - - "" "

2' an: :-2' :eccmes

g./2, (n-1/2) / n-i) 0 0. = '× ' : × g " 2 Y h( b  v/ X x < x' -.- ' -)b
;,;x '07 x g /2 H h v/ax) x > x %

Bottom Friction Stress

7ne bottom friction stress resists the flow along the octt:m. -he-

, .... fct ion stress is described by ' "

B - c. pjIU -- '.

wrere, : i is the friction coefficient and J is the total velccity,

:-.zose: of the wave orbital velocity, U0  and the ngs nore z.rrer-"

t,- The tota - velocity for a bongshore c:rrent system s

%44
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V ) i -2dtodnoeth>

T. ( vi :-2 *. a*

where the notation (0, v) is used to denote the x and y-components of tne

steady current. The arrows indicate vector quantlties. me absolute value c -

the bottom velocity is

= U 0 2 U 0o, v) v2 ) 1 2

Applying the assumption that v is much smaller than " and expanding 7

E;uation 2-23 with a truncated binomial series (retaining only first order

terms), yelds

: .... - -" ;'.,

The y-component of U l is "- -i

U) sing ] (U sine v)
y 0 0 ,.0.. ,0.,-,. .'

ri sine + v U sin a v/P I
-a '-.

v"U sine 10 0

-.Since the time average of the bottom friction is required to compute the mear.

lzngshore current, linear terms of Uo  do not contribute and can te 'Zr..e.,2I
IUIU) 1. K 0

-v + sin 6)

7he resulting y-component of the bottom stress is.

*, .- ' "%

B .~ I, sin 6)

cl- 2

L -..

-.,-.-:..-.-..---.-. '. -. v : - .. : .7 ;- .. a a '%.'.:. : a -a -
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The time average of the orbital velocity is

< U > - (2/n ) U 03- 3 I .
max

where U is given in Equation 3-23. Equation 3-32 simpifies to

112hIn_1/2 )  (n- )

<>= > c/1 P v Y g h!/(h ) +sin 2e) x x

11/2 1/ 1) " '"

{9/2 2 in-a) x > x

Longshore Current Velocity "N._['"

Special case: small incident wave angle. Further simplifications ca. '

oe made by assuming the angle of wave incidence is small. The small-angle

assumption also facilitates comparison between the present model and the model

of Longuet-Higgins, since Longuet-Higgins assumes the wave angle is small. * .

For this special case, cosO is approximately equal to unity and si..9

4.s approximately equal to zero. Substituting the longshore stresses 0...

appicable to the surf zone (Equations 3-20, 3-25, and 3-34) into the stress

salance 'Equation 3-6) gives

* 3/2y2 h(2n-1/2)/(hb2n-2) .

- tang (4n 1)/16 p g Y h /(h ( sine /C
b b b

1 a/ax (prYx g1 /2/2 (n+1/2) (n-1)
+3a pyg /2h 'h )(. av/3x)- ....

1/2 (n-1/2) n-1- cf/n p v Yg h /(hb

Applying the plane beach assumption (h tanB x) , and simplifying, Equat '"-:,

3-35 becomes

-tang'Ln+)/16 l/ 2 ( 2 n/ 2 ) l/ 2 /xbn sine. ,

. N.

-t a n .*!U n +-)1 6**s.n. . . - .. . . . .... •-. .

-7.% %



0(n32 ri- /2i.',,

1/2 tanB (x a/3x /2- a I/ c 1 Cv x'

Nondimensionalizlng x , letting X - x/x5 , results in
-S

1/2 112 12n-12)"-
tanS (4n+l)/16 g Y h X / sine5  (3-3 .

7/2 tanS* ;IaX (xn+3/2 ivl3x) I /T c v X 'In 1/ )

:. :.e Lateral mixing term 4s neglected, the first term to the rig-t 3f tre

e~aa sin. . -- uati -n 3-37 43 zero, and the longshore current speed s so! ve' ."'-..,

*, gi/12 112 Xn .'.''.w

v.7./c tanB 4n-l)/16 g .h 3i snOb  3 -;..;.. 33.'.

Tne velocity at the breaker line (X 1) for n 1 1, neglecting lateral mixing,
,3 _Iefined as vo  :

1t c (ghb) b sineb  '3-39"

f0

-:'lowing e11970a). The value of vo  is the maximum possible

current speed for n - 1. As n varies, the maximum current spee is given t/ .1

Vmax ' an + 1)/5 v0

N icnmensionalizing the current speed v by vo , V = v/vs , simplifies -

SEq;ation 3-37 to .-

-< n )1 (2 n - 1/2 )  - I X ( (n+3/2) V/ X - V X - 1 2 '  - " ..L-[-;

-:4n+l)/5 X P 3ax (X Cn 3/2) X - X n~2

where

P- (rir)/(2 c.) tan3 % %

Tne para.-eter P is nondimensional, and it expresses the relative inzortanze </-* '?..... ,W ... V-s

Df lateral mixing (r) and bottom friction (cr)

% %

% N -A

.. .... ..... ° ..-.. -............-.-......-........ .. ...-. .-... *.-,,, * ..'" vZ,..*", ,; ."-]" ',- .~ - . .,"* , -,,.--.'v-',,.,,,.-,, ..
"-.-" ' " ' -* "'",:... "-"',. -. '1',-----.',:-",", :'' .'' .- , .,.. . . . . ,:*,"%v':--:,, % " ' ' '' " " -"""" -' '-'
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" Calculating the derivative inEquation 3-41 ant rearranging tte terms WI: .

° ~~gives t. -

', *-t' .t ,"

-J.

i' 'P X 2  V ' ' + P 'n 3 /2 ) X V ' - V - ' 4n + ',)/5 X n  %- "

:-a

q%

where the primes denote derivatives with respect to X. Equation 3-43 is a

nonromogeneous second-order differential equation solved by the method of

Var13tizn of parameters. The solution to the differential equation is

V =B XP  A Xn

where

A = (4n+1)/5 /L1/(1 n P (2n+1/2)),

p -(2n i)/4 + ,(2n+l) 2 /16) + i/p] 1/2 .%

-. Substituting the longshore stresses applicable outside the sirf zone
. qutions 3-20, 3-25, and 3-3zJ.. into the stress balance e;uati n .

"f"-'f -25 an 3 3

0 - 3/ax (pr x g /2 H h 3v/ax) :-%t''.'

- Cf/ffp v g H/h I  (1 sin 2 9)
ft--S

%

,ut~ide the surf zone the wave height is approximated by .inea.- shaL:'w-wate- ":

wave theory (Green's Law) as

SH (cose/cs 1/ / -- f,b b

Apply'ng tne small angle assumption and noting H Yh EquatIon

Mb b ' f

-3_7stoifies to

tft

~ ft' - ft.'.-. -
ft ft f . . . . . . - - -ft . . . . . . . . ft f. -,t - .

ft ft ft ftI
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Applying the small angle assumption, t.e plane beach assumption, and Equation "-.

3-Z', Equation 3-45 simplifies to

5/14
0 Q 3/3x "x 3v/3x' - Vlx -i" '

cndrlmensional form "--

(X V/oXo -I/X,

'V

w.4er e ~

,., %.N,

Q = r'ir/(2 c,.) tanB .
• " ,% ", ."

S.....,

,-e parameter Q is used instead of P seaward of the breaKer line because -

tne effect of wave setup is negligible in thris region. OalcuLating t~ie .

Ze.vative In Equation 3-49 and rearranging the terms gives

%' N

X2V '' - 5/4 X V' - V/Q = 0

;]at.:n 3-52 is a homogeneous second-order differentiale;uat. :n w nt'

V C0 X

wh ewrte q 1 e/8 1 1/54 -/2

-he quantities B from Equation 3-14; and C from Equat,.: -5 were

;tainel by equating the current and the derivative :f tne current ns.e :.-.

,;.:si~e tne sirf zone at the breaker line. The general soluticn fcr tce

:-sncre current distritut~on assuming a small incicent wave angle is:

.. .. .... .. ~

I .. . . - .4 - .*. . . . . . . . . . - . . J . - - ° -
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"0'

= Xp  A X X <-.

C Xq  X

where A - (4n.l)/5 [/ - n P (2n+1/2)']

p = 2n 1l,/4 -2n 2/'16 1/'/2

~0~
--- 1/8 - 1! ,-4 * ,p 12#.m.

B = q-n)/(p-q) A

C (p-n)/(p-q) A ol

0

Combinations cf n and P that satisfy the relation

n -1/8 (1/64 + 1/(2P))12 '3-'

2ause tr-e solution for A in Equation 3-49 to become indefinite. For these .%,,0

spe-:- 3 cases, particular solutions to Equation 3-42 must be -al:uiated. For,

example, with n = 1.5 and P - 4/21, the solution is

V - -(1J'7/100) LX3121n X - X3/2 5 .--

Next, the more general case without the small angle assumption 1s cors.oere z .

General case: wave angle not necessarily small. On gently sboz>.g

teaches, the wave angle at breaking is usually small due to wave refractior.,

:ut this is not always the case. Liu and Dalrymple (1978) and Kraus and

-3K41979a) show that the breaking wave angle has a 3ignificant eff'e~t

e m-e magnitude of the longshore current and the shape of the current

t-st 4ut on. The method of Kraus and SasaKi .s followed to incl.;e t'e

effect :f wave angles on the longsnore current (.istriout'.or..

57
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By Snell's law and Equation 3-16

sine -CiCb sineb

= hb b i e

Using a trigonometric identity, the cosine of tne wave angle may be written: as 0

case = - sin~e 2bb

~quations3-5 an -56 express the sine and cosine of the local wave angle ?

terms of water depth and constants.

Using Equation 3-56, the local wave stress inthe surf zone, Euto

3-20, becomes ~

T tan8 1/8 p g 32Y2/(h ) (2-)sine I w

(2n+1/2) 2 1/2,0

7akIng th e derivative and simplifying, Equation 3-57 becomes

2 aB*16sn (2n-1/2) b(2n-3/2)
bb

'1hh~ 2e 1/2 2 2 1/2,

The expression for the local wave stress outside the surf zone refrains trne

same. The lateral mixing stress was unaffected by the small angle s.nt:

therefore Equation 3-25 is still valid. The bottom friction stress Ea:.

3-34j) becomes

<3 cYr v Y 1 n-1/2)/( (n-n 2 a2

9 112 /h 112 hhb sin 2b 9X >X

58



The stress talance insile thie breaKer ! ne fr om Equations 3-57, 3-25,e

and 3-3i4 is

2 (2n-1/2) 2n-3/2) O
-g Y tanS /16 sine h' /(h '-I

b; b

.2 ,/2-*

2 2 1/2,siL ,n e s'( 9

b

g v Yh/(h )'* 2+Xsirf d
f b

Equation 3-60 is nondirnensionalized and siMPliried, resulting in

P 3/XX Vlx - 11 Xn/2 (l+Xsineb =(36

4r ' / 2 -1 2) , 2 1/2 2 2 A< 2
"4r X,$'-Xsin e ) -X/(J4n+7) sinab b

~aKIng the derivative in Equation 3-61 yields

P (n-3/2) X VI + P X 2V'' - V (1+Xsin9 t
b

-!;nl)5X n[L(lXsin 2 0 12 -X/(4n+l) sin 2 6 (- n2 a /2

b b b

72 e quiantity in square brackets in Equation 3-62 is approximated t Y a z~~-: 21

expansion truncated to second order

[-(4n+3)/(21,'Jn~l)) X sinba
bS

(4n+)/(84n~l) Xsin

bS
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Kraus and Sasaki (1979a, 1979b) obtained a solution to Equation 3-52 in tne

form of an infinite series by retaining all orders of the binomial expansion

of the breaking wave angle. Truncation past second order is here considered -

to be sufficiently accurate and allows a more convenient solution for %-

engineering application. Equation 3-62 then becomes

2 2
P (n+3/2) X V' - P X '' - V (I + X sin a 0

xn n+ xn-2 :-k
-b X+b X ~ b x

2 3

where S

2. b

-I  ( :n 1)/5 w, uwv"

42 (an 3) sin 2eb/(10) 0

.3 b.-

Zqat."n 3-54 is a second-order nonhomogeneous differential equaton. The

sotion to Equation 3-64 for the region shoreward of the breaker -r'ne is

ac:prcximated by a power series truncated to second order

B p1
A Xn A Xn A Xn 2  B 3 X B2 < -

o1 2 o 1 2.. , o-= ==.,'v

...ere Ao  [(4n 1)/5/I[1-(n,(2n+O.5)P--

-. ~~A, [-(4n+3)sineb1 -On b b/.1nY~ 5?

A2 - [-(1n 5)sln Ob/4O - A 1sin
2 0b 

1/[I-(n 2)(2n 2.5.P:

- (B sin 2e )/'p+1)(p~n+1.5)P-'
0 b

60
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B 3 s i n29

..e stress balance seaward of tne breaKer line '7;jaticnr 7-4. wi-t. t'.e wave

h-e_;gt -pprox~mated ty 3reer.'3 Zaw Eq4at ::n 3 -45 n rn7ers :na- fOrm ...

%

-x X> YJ ~x - x i + X sin.3

atr ~e oe~ie. -n Equatlon 3-66 an.' rearangin t-e -erTs ;,-e'-s

2 %'

Q i V' X4 V + X 3 i.nB 6 j-
d, I

_ ,a;t'.n 3-67 is a homogeneous second-order differential equa.tion. 7heoA*

~ou~nof Equat-on 3-6 ' is approxImated ty a power series truncated to%

second 3rdler /.

q- ,q-2
C 02 A :

= - ,/8) (16 + / )1

C2  1- b

x:ressionms for the coefficients B 'prom Equation 3-5and from- a;st.

-o3 are obtained by equating the current and the derivati.ve of tne 2 fr-en:_

*'-s:de and outside the surf' zone at the breaKer line. Thie general

~--e :orngsnore current distributiorn trurncated to secon'd order in tne

rew- wave ang, e ~s *

- .... e if,
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1 + A 2 X~ 32xp B.xp* x XP * X

0 2 X >

p ~wher e 
* p

2

A, 6 /1 31na A ,n-nn.O.-'5)p

A, (n3sr. -. 2

b 4 -sn a9b A ]/?1'-(ni.1)12n-2.5)?2-

22
B~- si4n 9si - si(+,(Pn8 A,]-(f+)(f+25

, :1, 1 9 /(P+2)(pn-2.5)P-1]

P - rn/(2o c tanB

I~~w'p* c f ta

'i/2c tAnBB

C =(S' S0Si)/'S 3 S' 'S

S3 A 3

%5...
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t.
wnere w is the wind stress in the y-direction, CD the drag eff 2.ent

larrett 197"), w is the wind speed, and o is the .:nci4e.nt wind _Irect." ,

.u.o30n 1960). Birkemeler and Dalrymple '197-) present a nearsrhore

cir-culation model that includes the effect of w:r d stress. The ar.al'tical- .

soljt-on of the stress balance with the addition c tne wind stress as given

-n E7: ation 3-70 with lateral mixing neglected is

I/'I*X sin-a b n )/5 Xr -X

2 n-,2) W, ' -

DW sinP/(v Y gnh) bf I/X -  
7%

Tne so' .ti on becomes indefinite near tne shoreline. This problem could 3e

overcome ty representing the fluid flow and wind stress in the swash zone :c-e 0

accurately. Such a task is beyond the scope of this report.

DiscussIon of Results

Tne naln points discussed in this section are: a) te effect of the .

-ave ne:g-t -ecay power law on the longshore current distri jti:n, t' 3

:nc-ar-scn of the iongshore current model with data, and c) h ,cde '

"--tations.

The "ongshore current model does not reduce exactly to tne m:,oel :f

:-g-Fe,-iggins :1970a, !970b) for n = and small ircitet wave angle

-ecause the form of the lateral viscosity coefficient follows .adse- et al. -

';' instead of Longuet-Higgins. This is not a fundamern fference, a,:

w,'" not be considered in the discussion.

7ne effect of the exponent, n , on the longshcre current prof..le 1

shown in =igure 3-2. Increasing n-values steepen tne current profile an!

.norease the distance from the shoreline to the maximum velccity. T-.eref:re, 0

mild teach slopes and large values of Y the n-valoe will te large, "ne

,!rrent: :4str4ution will be more peaked, an-: thLe "3cat-:n of toe nax-- z"

'e closer to the breaker line. Typical val-.es of n rane

". :. Figures 3-3 and 3-4 show tne effect -f varv:ng the P-vale. €

%)

.. \,.- J

0~i



small value of P indicates tne bottom friction stress dominates tne late-'al

7ixing stress, and a l.arge value of :1 indicates the lateral Tmixing stress

-omirnates the bottom friction stress. L-arger valuies of P flatten and

tI-oaaden the current profile. 7-e value of n = iin Figure 3-3 coZrres:zonost '3

-e onguet-Higgins model. For n = 1 and P -0, the current profile is %

.ang. ar .note the tcisconti.nui ty at the orea~er line as explained earli.er

f--- nr o-latera- mixing case_. :n Figure 3- 4, for n ='5and P = :re

-.. 3~~ c:noave ,pwarld wihne same tsconti.nuity at the breaKerIIe

"g-es 3--, 3-3, and 3-iare for an approximatel'y zero incider.n ae ne

- : 'tne hi4her ordler iave angle effect was omitted.

7-e effects associated with increased wave angle are snown .'n F-igure 3

7ne n-,-'imensional current dlecreases wiLth increasing breaking wave angle. Te

val e of V in Figure 3-5 for an inc.Ient breaking wave angle 3f 30 degrees

n - .3and P - C1.05) is 30 percent lower than for an incLident treaKing ;a-; 0

1gle o-f 3 degrees. Also, th e location of the maximum current _;3 c-oser t.o

t~esnoel e witn increasing breaKJig wave angle.

ne I onrgshore current model developed hierein was compared tolbo;tr

'a--a f-=n Vizuguoni et al. ',17'3 and to tne model of Aoge-i~i..........

.v -fte aoatory data is found in Kraus1 -and SasaKi Y9a.4

3 ' and Sasaki , the posiio of th!e max; m~n current veoot. /-a,"

'era'. and is5 therefore a good parameter for correlaig-e>.rn

.c1orediction with the laboratory observations. :he pos :n 0

x-.mvel3ci4ty Is Used to determine P ,c , an! 7 ;z .ven , -

.. e netnod employed by Kraus and Sasaki to estim.-ate the parameters f-x. tne

-3ti :s u;sed with the additional step to determining n from

Fg-.re3 3-5, 3-7 -8, and 3-9 ilutaethe f~t of 'ne

.;rrent nodel and the Longuet-Hiin model. to the MiJnz!g-ucn: et al.

...e cur-Lrent velocity is normali4zedl ty the maximum veloci tv. 3n s e.

z-ne, th-e model fits the data well. Near the snoreline, tne e'e2

c-Wer l3W decay can be seen in tne slightly Concave utPwaro snatze -7f ." e

of le. -a~le 3-1 gives thie valu,.es of P and c,-clcltdc

3a. Te P and c, values f:- th e mo)del are sx.gntl hgnr oa. ;

-oe Ln g et - g g ns . 7ne re3silos ofr tne present 'node_ re -- 'e

0

0

% ~ 1
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Out id th s rfzone sliht ly better th n * Longuet-Hggins mode , but th'e

ceparture from the data is still large. The reasons for tiis difference are

not known, but may be due, in part, to the accuracy of measu;ring 'the breaker

position, the accuracy of measuring low current velocities, and the effect of

c ircuIlation in the enclosed wave tasi.n.

The data set of Mizuguchi et al. does not rigorously test tne current

nocdel. 7!he data were collected on a slope of !/10.4, so the expectet values

nare close to 1.0 as shown in Chapter 7-:. An n-value of 1.0 recluces t-e -

o,< e n wave height to a li4near function of the water depth, and the -urrent

- .-e eduaces to a truncated version of the model of Kraus arnd Sasai, o-r to 0

"able 3-1

MjZUgUChi et al. '1075) Longshore Current Data

Case I Case 2 Case 3 Case

(deg) 4.5 4.8 15.4 l.

n' h (cm) 3.8 2.4 4.2 2.5

v~a (cm/s) 16.4 "5.2 22.0 20.0

Yma 0.71 0.72 0.63 C. -P
tanS 0.064 0.0c66 C.200 0.6

1.15 1.12 0.99 '.23

P ZH ~ 0.055 3.040 0.1-50.60

P0.071 0.058 0.14 0. - 9Z

0. 1 .0120.02

0.013 0.012 0.026 0.017

1.19 1.15 ~ 0

indicates the value for the Longuet-Higgins model a

r P -7Coe. o2f '-onguet-Higginis i~f the Ancient wave angle is small. 3eacrnes

~ -.~ecStates consisting of 0.2-mm sand typically have s.-- es in te rie

% % %



of 1/40 to 1/70. The n-values for these milder slopes would be greater tnan

1 .0, and the effect of the power law wave height decay on the current profile

would be more pronounced.

Table 3-1 illustrates a more subtle point. Earlier work, corresponding

to a value of n - 1, may require somewhat different values of c. and P to

fit the data. Again, the data of Mizugucni et al. does not test this point

rigorously because the values of n are close to unity.

The application of the longshore current model is limited not only b. .

the assumptions listed in Table 1-2, but also by the truncation of the power

series solution to second order. The effect of the truncation increases as

tne values of e" P , and n increase. The effect of varying these _

parameters over typical ranges .s examined. The value of e b islimitea to

less than approximately 30 degrees because of the truncation of the botton

friction stress. Typical values of P range from 0.31 to C.10, and typical

alues of n range from 1.0 to 2.0. For a value of P equal to 0.5 and

9a 30, the maximum difference between the infinite power series solution

and the truncated solution is only 5 percent and at 8b - 200 the difference

reduces to less than percent. Figure 3-5 shows the truncated solution f:r

- .0 and P = 0.05, and Figure 3-10 shows the infinite series solut-7. .

P-value of 0.10, the difference between the infinite series and trunoatec .-.

series solutions is 11 percent for b - 30D and I percent for - 7
b

an r-value of 2.0 (P - 0.05) the difference between the nfifn'te series ar"

rnated series solutions are 37 percent for 9, - 3:0 and 4 percent

for 9 - 200 Figure 3-11 shows the truncated series scltion and 7-re -,

snows the infinite series solution for n - 2.0 and P - . .. n ,ar, 

-.e present mocel, which is a truncated power series, estimates the t f-te.

power series well for incident breaking wave angles up to approx mately _.

7or incident breaking wave angles between 200 and 300, the model stil" l

estimates the infinite series well for relatively small values :f P arc - , 

caution should be used applying the model for large val.es of P ar -
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CHAPTER :V: WAVE SETUP

Wave setup and setdown are the change in the mean water level due to 9- 9

excess momentum in the x-direction. In the surf zone there is normally a

setup of the water level, whereas seaward of the breaKer line there is a

settown. The wave setup in tne longshore current model 1s approxiiated -y

Saltering the beach slope as g:ven by Equation 3-15. This chapter descrites IF* .. 4

the terivation of the wave setup from the eqaation of motion in the x-

*irectlon 'Equation 3-4) based on the power law description of the tr: Ken 4av

he'.ght. Although this form f the wave setup is not included in the

current mode, it is an application of the power law wave heigt decay.

The equation of motion in the x-direction becomes

g !h " - "S /"x

witr. the only x-directed stress being the principle component :f the raoit-"'.

st.-ess, S The quantity n is the time-mean water surface e-evat.cn %

to wave-irduced momentum. The mean flux of momentum across a pl are x = .. ,

oonsta " is , . ':

-'. ... A.

S - 3/2 E -
xx0

. a i3-w water 'Longuet-Higgins and Stewart '964). Substt~t'.ng :-' the

enerz; oens.ty given by Equation 3-10, Equation U-2 becomes

- 3/16 p g H" - -.
xx 

.. ,

an tne momentum balance (Equation U-I) expands to -.

- p g h ,' an/;x 3/9x 3/16 -- g H - , -. "

-5. 4*1

- -.

----'A --
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Snoewad o th brake liethe power law wave teignt decay .

applied to describe the broken wave neignt,, and Equation 4-4 tecornes

3 1 ) g 3/; K Y e/2n +~ 'n

l:3lt4ng thie derivative i n ~qai n 4-5 and simplifying, 'ed

2 (2n-2), -2n-7 ),
h,6~ b b 2n) :h *n< an/3x a h/ax)

?earr3nglg tlie terns gives0

an.'ax -) K/(n+*~(nfl T/x-

- .3h *~ '2n-2K.1 2

K0

:r treating 'h + as a single variatle an ne~:~

+ (2n-1);.;

.-er is a constant of integration.

.eaward of the breaker line the energy flux is constant and -. et:.

.3~ z~en .

% H ~r
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%K
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in shallow water (Longuet-Higgins and Stewart 1964). This is referrec- a5

"setdown" because It is a depression of the mean water surface. Equati-.g ore

solutions for n seaward and shoreward of the breaker line at tne breaker

lne and noting H 'Y h yields the solution for the Integration constan~t

7The sollition of E;uation 4-8 becomes

2 , ~'-3ny'- n + /2 -

..-e s onfor nimust oe found iteratively because Equation ~- is

impliit. For the special case of ' linear wave height ecay,, a an0

te expresse- explicitly

-2 2 +
+Y +Yn h /16-

7*-r tr-sseCial case th:e setup is a linear function 'of the 4ater Oectr.

oa s-f n greater thian one, tne profile of the wave 5etJDi, cc-c .e

7,u.res -i-' and 4-2) illustrate the effect of thie exponent -fex0

. .. .a~e nei;gtt eC3Y, n , on the wave setup profile. F g ,r e 3 7 4-; e

:fe cf the wave setup calculated from E;,iation . .-11 .7 a-,

.~a~on4-12 'n -1.00) for the small-scale exoerimental run :f 3S-";e

*The setup measured by Stive i s also plottezI. 7 igure =-. snCWot>

:ofile of the wave setup calculated from Equation 41 n .O2 :

.;- at~on 4-12 ',n - .OC) for the large-scale experimnental -~ f

Again, th e setup measured by Sti've is also plotted. The n-va:.es sme.

~uaton -12 were calculated! with Equat ion 2-3 from tne t-eacn slope.

In'~ Ohe Te3s. red Y-values.



The setup profiles calculated using both Equation 4-1 and EquatiDn - .'

overestimate the wave setup, but the calculated setup based on the power Law

wave height decay represents the data better than the calculated set;p taseo .I n linear wave height decay. The difference between the two ca'culate"

profiles is greatest at the point of maximum setip, whicn is the critical.
t S u.. e.. - *.". c

point in most engineering stu'-es.

n u_.mary, the w3ve setip is calculated based on tne p-wer Law

expres3::n of the roen wave .... eveloped in Chapter . For ' te

aount of setc data exam:ned, tr e calculated setup ased on the cower 13w

ha'e ne . decay lescr'bes tne trend of the measurements 'etter th an -.-e

-a _ ate sep - ased on !inear iave neignt decay. eoth express.:,rs

ve-estnate the data.
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CHAPTER V: CONCLUSIONS "'_

The purpose of this report was to develop an analytical model of the

longshore current based on a power law expression for the broken wave heignt

in the surf zone. The model was intended to be an improvement over present

models based on linear wave height decay. For use as an engineering tool, the

model was to be as general as possible, including the effect of wave setup,

finite wave angle, and lateral mixing.

An empirical power law expression for the broken wave height was "- -"-.

eveloped based on seven independent data sets consisting of 135 experimental .

runs. The exponent of the power law expression is a function of the beach -- 4

slope and the ratio of wave height to water depth at wave breaking. From the

*ata, typical values of the exponent range from 1.0 to 2.0. High values of

the exponent correspond to .ild beach slopes, small ratios of the wave height

to water depth at wave breaking, and concave upward wave height profiles. For

an exponent equal to 1.0, the broken wave height reduces to a linear function

of the water depth. n previous longshore current models, a linear wave

height decay was assumed for all beach slopes and breaker height to breaker
%. % .

depth ratios. The power law decay i3 shown to represent the wave height decay 4**•

profiles significantly better than linear decay. The power !aw decay

expression also compared favorably to the more complex decay model of Dally ec •

a!. '1985a, !985b). To use the power law expression in a predictive mode, the-.

ratio of wave height to water depth at wave breaking must be estimatec. This

-atio is best estimated by the expression of Singamsettl and Wind '98C or

the expression of Sunamura (1981).

The longshore current model is based on the momentum balance in the

1,sngshore direction. Many simplifying assumptions are made in the model in

order to provide a solatlon in a form for practical use. The driving force if 0

the longshore current is the local wave stress which is calculated using tne

.-nept of radiation stress. The lateral mixing stress, caused uy horizontal

lent eddies, redistributes momentum. Flow of water along the bo t is '-

•e cy the bottom friction stress. The derivation of the longshore S

80
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current follows the method used by onguet-Higgins (1970a, 1970b,. The effect

of incident wave angles is included in the form presented by Kraus and Sasa~k I

79a, 1979b). Wave setup is accounted for by altering the beach slope. The b.-- .
.ongshore current is expressed as a power series in the wave angle truncated

tseco-
to second order. Wind stress is not included in the general solution,

although some examination was made of its effect.

The longsore current model was compared to laboratory data from

izuguch i et al. '197) and the model of Longuet-Higgins (1970b). The

longshore current model represents the data well, although it appears to

underestimate the current speed seaward of the breaker line. There is some

to-jt about the validity of the data, however, for the seaward region. The

ongshore current model follows the trends of the data slightly better than

tne Longuet-Higgins model, but the data set is not a rigorous test of the :o
-,.,% p-..

,odel. The experiment was performed on a steep beach slope, so the expected

exponent in the power law decay expression is close to 1.0, reducing the wave

neight decay to approximately a linear function of water depth. The range of

incident wave angles for which the model can be applied is limited by the -

truncation of the power series solution, but covers the useful range of S

realistic breaking wave angles.

The mean wave setup and setdown are derived from the momentum balance in

the shore normal direction based on the power law wave height decay. The

profile of the wave setup is concave downward for an exponent in the power law S

wave height decay greater than unity, whereas the setup calculated from linear .-

wave -eight decay is linear. The estimated setup based on the power law wave-.

eght decay represents the setup data collected by Stive :1985) better than A- .,

the estimated setup based on linear wave height decay. Both calculate" •

estimates of setup overestimate the measurements.

The understanding of wave height decay and longshore currents gained

from this Investigation suggests areas of future study: a) collection of

additional longshore current data to verify the longshore current model over S
the range of typical beach slopes, wave height to water depth ratios at wave

r e a~ i n g , a n d i n c i d e n t w a v e a n g l e s ; b ) c o l l e c t i o n o f a d d i t i o n a l l o n g s h o r e *'%-P %

crrent data to quantify the friction coefficient and the eddy viscosity, so I

%

,......... . . . . . . .. ...
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APPENDIX A: WoAVE HEO-GHl DECAY DATA

KEY: S -slope
T - wave period (s) h..W

HO -deepwater wave height
DB- water depth at wave breaKing ~* .

H -wave height
D water depth

1cm) -heights and depths in ent;.meters
C)= heights and depths in meters

8,0''~ 0 T =1.2 HO =8.75 DB =12.5 (cm)

8.58 1.00

6.47 .80 .

3.23 .70
2.91 .6o

S =1/80.0 T =1.2 HO =9.13 DB =12.5 (cm)
Hf D/DB

9.08 1.00
8.15 .90

3.13 .70 .

2.51 .60 5

S TA. 1.2 HO =11.95 DB =13.8 (cm) .~

0/DB

:4.0 .64
14. 44.55

S 1 /80.0 T =1.2 HO *14.78 DB = 16.3 (cm)
H D/DB

1L4.18 1 .00
12.92 .92
9.60 .85
8.36 .77 >

6.68 .69
; .26 .62
5.95 .54

4? .46

%~ "A A;



S 1/00. .2 HO = 1. 'S2 16.3 (cm)
H D/DB

26 .)92

.7- .- J

5. % %5.30 .2,'5 
*5*

7 5-5

73 .6

.. 52

3. .50

S '5.0 1 .2 HO 13 S7.5'M
'5. ~ D DB.8

'0\

1. HO 1 - 3 B 2 .0 (m

3.3 .00

.94.

520.5

4.5-. .50,

5.39 .38

.509

% %



S 1/. T 1 .2 HO 14.59 DB 22.5 (Cmn)
H /B44

14.70 1.00
1 4.00 .94
12.65 .89 Vp.
11.95 .83
8.20 .7.8
7.87 .72
7.18 .67

1.6
8.82 .56
1.47.5
8.12 .4

... 39. . .

3.42 .33 niv

3 '850.0 T-1.2 HO =14.17 08 21.3 (cm)

3.90 1.00
13.60 .940

7.27 .82
6.96 .76
6.65 .71 

-6.34 .65
6.02 .59

5.06 *L17

4.42 .441
4.11 .35

3 1 1/80.0 T 1.2 HO= 11.80 08 21.3 (cm)

~B.18 .00
1388 .94 

,

1 1.95 .88
8.^07 .82
7.75 .76
7.42 .71
7.11 .65
6.78 .59
6.46 .53
5.82 .47
4.52 .41
3.55 .35

S = /80.0 T 1 .2 HO =16.36 0B =26.3 (Cm)

~.00
15.92 .95

90

N N



9 . 7 5 . 8i f " ' "

,' I % %

.,)2

.90

-3 .7. .0- ' , -.

5 -0 - H

-5 .00"- 
-..

.90.

-. .73

25 .9O0

3 .67

3 -.32 . ' -. .

= - 1 * .-' .-% :,

S /80.0> T 1.4 HO 11.603 DBO 5. (cm)---, .

H D/DB
S"1. 

".

" .5 •. 9 2 : " " ' '':" "
25 83"'

5.71 .75

3_ -2 .5 8 -

'87. 0 - .4H0.-. 
-

3.8- c-

0.:3."..% S
• .82.

'/0. 0 T = I a HO = 91.73 OB = 15.0 (cma)"-"""

5 .7 3 .7 5 -% '' '- .

32 .58
3.325 .50 "."

...?..-83
- ,%"%

hF' - --II i I '



V...

S% /80.0 T - 1.4 HO = ''.h SB = .
H D/DB

'1.52 1.00
98 .92

5.6' .85
5.30 .77
5. o .6; .-.-

.62 "

-.5 ~.46 ' '

c-,-,"

H :

70
. .•, -' .60

. . ... -- '

-1.09 .7
.'1 0 "-i

.-9
3.15 .40

S = '/80.0 T = 1.4 HO = 13.52 DB = 20.0 cm/
H D/B 0

'2.95 ,.00

1.9 94'-01 .31

5.68 .63

6.30 .56
.97 .50

.414

4.31 .38

S = 1/80.0 T - 1.4 HO 14.14 DB = 21.3 (cm)
H D/DB

13.53 1.00
1 2.86 .94
9.57 .88
8.91 .82
3.25 .76
7.59 .71
5.94 .65

.59
78 .53

4 . 95 ..47

.. Z8 .35 ,....

S92 '.'"x,.3

. -v . .-. "..
.' '.',f.- ' '-•" -. "- •"."- . ,- . . "'; . ,-- .-,'.-.-' -,, ' - ,- ', .. . " , '' "''' .. ' ''' ,%,,. %.._. . .



*.: •--..-.

,P.

H D/ :B -

'.D .B -.. %e

3 .94::
;5, .39

.. 78

-4.72

S '/3 .0 " ''4. HO = .5,32 DB 2 .5 (m

4.92 .37

4, .-,.6

5.92 .4 4

9..5 .5o ::2:

5. 0 •3 3[-: -.

"-'3O.0 C = 1.4 HO 16.70 DB= 25.0 (cm)

H D/DB

S7. 32 .O00
' ".30.95

3 32 8 .85
.7 .80

9.22 .75
8.85 .70
8.48 .65
8.48 .6o

. 8.11 .55

-7.74 .50
7.37 .45
5.90 .40

5..2

-%. %. -%3.01



6 MU FOOYTICAL NML OF NAYE-ZICED LONGSHO CURRENT 2/2
OR=D ON POWER LAW. (U) COAISTAL ENGIMEERING ESEUCH
CENTER YXICSBLRG HS J H SNITH ET AL. JAN GO

, FUCLSJFIED CERC-M-0W-3 
F/O/ M



I'.' I

L1.0 LIIJf28I25~ ~22
L 1136

I'll'-','

K 11111 L.U

11111 11111_1.8

111111.25

_______ 1.4 1.6HuiI~ 111,1
d 11111 II

4! a

'p

1?

J.
- .1'*

S

- -v-- 
- a

........................................ .

..................................................... 
a

a..,. 

a-. .

............................ ~.a. * - * -. ......... 
. a- . a- a-......................

~***.~a*.~a.%~a-* ~~%V'V



6 S

0

E.
S - 1/80.0 T 1.6 HO - 7.88 DB 11.3 (cm) ,I

H D/DB -b

7.93 1.00
7.58 .89
4.32 .78
2.89 .67

S = 1/80.0 T - 1.6 HO - 9.52 DB - 12.5 (cm)

H D/DB
10.22 1.00
8.26 .90
8.25 .80
4.50 .70
3.75 .60

S = i/80.0 T = 1.6 HO - 13.48 DB . 15.0 (cm)

H D/DB
10.32 1.00
9.60 .92
9.60 .83
5.90 .75
4.43 .67
3.69 5 8 '

2.95 .50
S = 1/80.0 1 = .6 HO = 11.114 DB - 16.3 (cm)

H D/DB
• I ~1 . 65 I.00 . .

11.30 .92
10.20 .85, ..-

6.56 .77
5.83 .69
5.10 .62 0
". 37 .54
2.92 .46

S = 1/80.0 T - 1.6 HO - 12.35 DB - 16.3 (cm)
H D/DB

13.69 1.00
11.40 .92
7.60 .85
6.84 .77
6.08 .69
4.56 .62
3.80 .54 "

3.04 .46

S '80.0 7 - 1.6 HO - 13.08 DB - 16.3 (cm) '

H 0/DB .

1.25 1 .00 J
1 1.25 .92 ,

914

.. . . . . ........... ......................................... - .....-..... .-..-....-. - ..- ,, -. -_. ,,."-

'' .•. -. • ". .. " "• " ." "." . • -_' , % "." •"• ,"• -"- "" .'- " " ... % - " %," " %I, 
- - W

- -' ,'
T

I'-'



. - - - -- -. k. ' ,

7.50 .85
6.00 .7 "- ".
5.25 .69 -4.50 .62, . -,;
3.75 .514
3.00 .146 q*

S 1/80.0 T - 1.6 HO = 14.18 DB - 17.5 (cm)
H D/DB

15.16 1.00
1 10.11 .93 -

7.95 .86
7.23 .79
5.78 .71
5.05 .64
14.33 .57
3.61 .50
3.61 .43

S = 1/80.0 T - '.6 HO = 15.92 D - 21.3 (cm)
H D/DB S

14.70 1.00
14.00 .94
11.90 .88
10.50 .82

8.140 .76
6.30 .71
5.60 .65
4.90 .59 .
4.55 .53 v'

4.55 ..47
1.55 .41

o.20 .35

S = !/80.0 = 1.6 HO - 16.80 DB 22.5 (cm)
H D/DB

14 z.95 1.00
13.90 .94
11.12 .89
9.73 .83
6.25 .78
6.25 .72
5.56 .67 -'.""
5.56 .61

4.37 .56 -
4.B7 .50 e-e 0•. . ..

L4.52 .14"4
1.17 .39 .'
3.82 .33 " "

'..
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- ~ ~ ~ ~ T - T7 i777 - . I. ...... ... .. . .. L . ,

S . 1/80.0 T 1.8 HO 7.44 DB = 11.3 (cm)
H D/DB8 .80 1 .0 0 ,.,.

6.80 .89
5.20 .78

4.40 .67

S = 1/80.0 7 - 1.8 HO = 8.33 DB = 12.5 (cm) S
H D/DB % %

9.20 1.00
8.40 .90 "
~4.00 .80
3"0 .70
3.20 .60 0

S = /80.0 T =1.8 HO =8.95 OB =15.0 (cm)
H D/DB

9.41 1.00
9.00 .92 * a.

8.18 .83
6.55 .75
4.09 .67
3.68 .58
3.28 .50

S = 1/30.0 7 - 1.8 HO - 9.64 DB = 13.8 (cm) -
H D/DB .

10.00 1.00
3.00 .916 . 11 0 . 8 2- " " " "
4.80 .73

0.CO .64 •
3.20 .55

S 1/30.3 T - 1.8 HO - 10.51 DB - 15.0 (cm) ." '
D/DB ,-"," '

,3.5 0 .. I,0.
9.20 .92 "
8.30 .83
5.60 .75
4.30 .67
4.30 .58
3.60 .50

S '/80.0 T - 1.8 HO - 10.93 DB - 16.3 (cm)
H D/DB;. -.1.0 % % .

*%*

.20 .92 v ,. 'v . . . .

V . 8 0 775.2 0 .69 .. _..
, . 0 .62v -
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S - 1/80.0 T - 1.8 HO 11.34 DB 16.3 (cm)
H D/DB

11.76 1.00
11.16 .92

6.78 .85 %
5.98 .77

5.18 .69
4.38 .62
3.98 .54 l

3•59 .46

S 1/80.0 T - 1.8 HO = 11.76 DB = 13.8 (cm)
H D/DB

11.52 1 .00
10.72 .93
9.95 .87
9.16 .80 % %
5.57 .73
5.17 .67
4.78 .60
4.37 .53
3.98 .47
3.53 .40

S = 1/80.0 T - 1.8 HO = 13.10 DB - 18.8 (cm) .

H D/DB -S
2.40 1.00

10.46 .93 ." -
9.68 .87f
6.59 .80
5.82 .73 P6
5.49 .67
5.04 .60
4.65 .53
u.26 .47
3.38 .40

S 1/80.0 T = 1.8 HO - 13.86 DB - 20.D (cr
H D/DB S

12.60 1.00 .

11.81 .94
11.45 .88
9.55 .81 .

7.25 .75
6.11 .69
5.73 .63 .*
4.96 .56
4.20 .50
3.52 .44
3.44 .38 • '

...
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S 1/80.0 T 1.8 HO 1 4.50 DB 21.3 (cm)
H D/DB

13.75 1.00
1I.13 .94
13.35 .88
10.70 .82
8.40 .76 •
6.87 .71
5.73 .65
5.31 .59
4.96 .53
4.58 .47
4.20 .41
3.82 .35

S 1/80.0 T 1.8 HO - 15.28 DB = 21.3 (cm)
H D/DB

13.78 1.00
13.00 .94

3.55 .88 % *

7.65 .82
7.26 .76
5.88 .71
6.12 .65
5.35 .59

4.58 .53 "
.2.7 .

3.82 .41
3.44 .35

S 1/80.0 - 1.8 HO - 15.35 DB = 22.5 (cm)
H D/DB

,5.co 1.00
80 .94

12.80 .89
1 .00 .83
8.80 .78
3.40 .72
7.60 .67
6.40 .61
5.60 .56
5.40 .50
5.20 .44 S
L. 80 o.39
4.40 • 33

'/80.0 7 2.0 HO - 8.48 DB 13.1 ,cm,

• .*.,. .. -

D/DB. -,4., ,
8.2S' 1.00
7 .81 .90 e



" 2" . -. - . -5

6.42 .81 --
5.05 .71 !
4.13 .62 -

S = 1/80.0 T - 2.0 HO 8.92 DB 13.8 (cm) %
HI- D/DB

9.07 1 .00
6.90 .91 0r----
U.75 .82
3. 5 .73

3.02.4

S = 1/80.0 = 2.0 HO 9.78 CB = 15.0 (cm)
H D/DB

'. 35 1.00
9.90 .92
6.30 .83
,4.95 .75
4.35 .67

3.15 .58

S '/80.0 T - 2.0 HO = !D.65 DB = 15.0 (cm)
H D/DB
.20 1 .00

=10.27 .92

.O .83
5.60 .75
4.67 .67
'.so .58

S '/80.0 7 = 2.0 HO 1,1.32 DB = 15.0 (cm)
H D/DB

1 .82 11.00 e
.. ?. 5 .92 

>="

1.62 .83
5.67 .75
4.73 .67
4.25 .58
3.31 .50

S /80.O - 2.0 HO - 11.52 DB = 16.8 (cm)
H D/DB-".%

12.0 .00
'1.07 .93
7.37 .855.69 ".-78.-
5.53 .10
3.69 .55 0

.551

99
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.• . . =
o % J%, %,

. %

S -1/80.0 T ,, 2.0 HO "11.95 DB -16.5 (cm),"-,
•.p.. ...

H D/DB _' "
11.88 1.O00-10. 56 .92

8.80 .85 .

16 .70

5.28 .62
4.B .55 0

3.52 .39
2.64 .32

S = 1/80.0 T 2.0 HO - 12.62 DB = 20.0 (cm)
H D/DB •

12.51 1.00

11.60 .94
9.36 .88
7.13 .81
6.25 .75 •
5.80 .69
5.35 .63
4.90 .56
4. 46 .50
3.57 .44
2.68 .38

S 1/80.0 7 - 2.0 HO - 13.25 DB - 20.0 (cm)
H D/DB

13.50 1.00
.130 .94 ...

3.03 .88
8.13 ..8 .
7.23 .75

3.33 .69
4.97 .63 ".' ""
.52 .56 -.

4.07 .50 0
3.62 .44

2.71 .38

S 1/80.0 T 2.0 HO 14.35 DB 21.3 (cm)
H D/DB
60 1 .00

3.67 .94 "
" ..03 .88 . '
9.48 .82- .-.78

.72

6 .65

100 '""
- . .:,.

i . . . . . . . . % . . .. . . . . . .. .. ."



5.18 .59
4.72 .53L.
4.47 .47 -

4.23 .141
3.77 .35

*~'.'..-.

3 1/80.0 T 2.0 HO - 15.22 DB - 21.3 (cm)
H D/DB -"

15.35 1.00
'3.55 .94
9.95 .88
8.58 .82
7.23 .76
6.32 .71
5.7 .65
5.42 .59
4.97 .53
4.52 .47
4.07 .41
3.61 .35

S = 1/80.0 7 =2.0 HO 16.33 DB 25.0 (cm) " "
H D/DB . ".

15.50 1.00
15.00 .95
14.06 .90

13.60 .85
11.25 .80 - - .
9.37 .75
7.50 .70

03 .65
6.66 .60
6.10 .55
5.16 .50
4.69 .45
4.22 .40
3.75 35"" -'
3.28 .30 0

S : 1/65.0 T - 2.0 HO = 19.26 DB = 27.4 (cm)
H D/DB

24.00 1 .00
22.60 .91
18.10 .89 0
' 4 . 7 0 . 8 4 " , " , . '

3.50 .78
9.71 .73
.2'.67

7.21 .61
.82 .56 0

6.31 .50

~ ~ *- ...- - ** . a~...........

. 'i,- -. w - .- , .'.'."W-. .-. ,
TM

-" m .w'.- ,."-'v e . r '--,''. ,""' . .''" --- °w" .. ,e"" . "- .. ''. L..; .- ,-

J ' , " ' ." " # 4 ' " * -- - - - - - ' " . - . -. -. " " - . - "- " " " - . '- ". ' " " - ' .". . . " - , - . -- .



S 1/65.0 T =2.0 HO 17.20 DB =25.0 (cm)
H D/ DB

21.05 1 .00 
'. "

18.05 .98
16.55 .92
13.55 .86 0.'.
12.041 .79
11.29 .73
1.41 .67
3.28 .61
6.62 .55

S =1/65.0 T 2.0 HO =14.50 DB =18.3 (cm)
H D/DB 

*

13.05 1 .00
12.02 .92 .
,3.00 .83
9.00 .75
6.81 .67 

.- 1'
5.72 .58

.50

4.51 .33
3.00 .25

S 1/65.0 7 2.0 HO =11.60 DB =18.2 (cm)
H D/DB

1v.53 1.00
'2.00 .92
-250 .84
8.42 .75%Pte
6.00 .67
5.70 .58 

-..-

5.40.5
5.21 .42
Ll.21 .33

S = /65.0 T =2.0 HO =9.82 DB =16.8 (cm)
H D/DB

14.67 1.00
10.52 .91
10.52 .82

6.61 .73
5.11 .63
i4.51 .54
4.21 .45
3.61 .36

%A
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S -1/65.0 T - 2.0 HO 5.90 DB !0.9

H D/DB-i

7.82 90go-

• ~~..,-.. ,,',

6.77 .8 3"Q--
5.11 .69 ,-
3.91 .55-- - .

• ,[, .% ...

2.86 .42

S - 1/65.0 T = 2.0 HO = 5.20 DB = 13.4 (cm)
H D/DB -

9.6.7 1.00

3.2 .91

6.61 .79
5.11 .68

3.91 .56

2.06 .4

S - 1/65.0 T = .6 HO = 24.50 DB = 35.2 (cm)
H D/DB

27.00 1 .00

22.60 .96 "20.30 .91

19.50 .87
1-'.50 .83

'5.00 .78'""

.60 .70 -

.65

_. -3 .6 1.

9.60 .53

3.25 .35
5. 0 .'..r..

4 .20 .21 •" -"

3= '/65.0 T 2.0 HO 20.00 DB - 28.0 (cm) 0
H D/DB

22.80 1 .00
17.40 .93

20.30 .98

19.80 .82
11.50 .76

11.00 .78

?.20 .65 .- -

9o.60 603 "" 0'"

5.0 2. , C.

.2O) .25 4

H 0/Bo. '

17.40 .' "93"

16.2 .88% " ,:,---,.: :-.-::.,::% 1 ":..;,- .: ::;.-- .---.- -, '-.-.:..-- ....--.:..,- :,.,.:.--.. , --+- --- : C



S 1/65.0 T * 1.6 HO = 17.20 DB = 24.5 (cm)
H D/DB

19.00 1.00
19.00 •93 .

16.00 .87
12.00 .81
9.78 .75
9.25 .69
8.10 .62 0
.45 .56

8.40 .50

S '65.0 T 1.6 HO '4.30 DB 19.3 om)
H D/DB

17.M0 1.00
1 5.50 .95

9. 5 .87r
9.10 .79
6.75 .71
6.78 .63
6.17 .55

S 1/65.0 7 - 1.6 HO = '2.30 DB = 18.3 cm '.-
H D/DB .. ,

15.80 1 .00 -

3.50 .92

9.50 .83
" a .75

7-, 5 .67

3.03 .8 -.% %'%

= ' 5., 7 1.6 HO = 11.40 B = 1 5.2 (cm)
H D/DB

-.30 1.00
3.30 .95
-50 .90
9.45 .85 0
7.50 .80
5.70 .75 " .

6.01 .70
4.95 .65
5.71 .60
5.40 .55 03. : .50o7 "-

S' '8.7 T = 1.6 HO - 9.50 DS = '2.5 cm
H co",

' ' . O- '- -" -,

D.20 .95 0

"2"-0 "'5

104
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--- P .~- "-. 
. . -i

. .. if

7.52 .89
5.60 .83
5.90 .77 -
4.80 .71
4.50 .68
l. 80 .65 .

4.80 .59
4.35 .53

S = 1/65.0 7 = .6 HO = 6.90 DB = 11.9 cm)
H D/DB

9.32 1 .00
8. 14 .89
7.67 .83
6.02 .76
5.56 .70 7

4.37 .63
4. 33 .57
3.26 .50 '..',

S 1/65.0 T = 1.6 HO = 6.37 DB = 10.2 cm) ""S
H D/DB •

8. 40 1 .00 "P.
9.0 .97
6. o10 .89
6.0 .8.
5.25 .74

3.30 .6
.59 ' ,

= '" .3 T = 2.2 HO = 12.95 DB = 17.3 (cm)
H D/DB

'2 .21 .9.
''.29 .38
' .35 .3

8.6? .78
7.87 .72
7.55 .66
6.84 .63
6.14 .58 ' -
5.79 .51
5.22 .45
5.33 .47
,4.79 .41

4. 1 2 -.36
.05 .30

.28

3.1.12

%o %*.
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I0

S 1/30.0 T =2.2 HO *12.10 OB a14.5 (cm)
H D/DB

10.00 1.00
9.05 .93
7.65 .86

6.16 .76
a 6.20 .72 %.

5.62 .610
5.28.5
5.74 .56

4.51 .49
4.28 .43

8.0 .36
3. 64 .33

2.67 .20
2.77 2 '3

S 1 1/30.0 7 2.2 HC 10.4) DB 15.2 (cm)
H D/DB

1.52 1 .00
0.53 .97

10O.08 .90
' . 81 .34

6.34 .77
5.94 B8
5.36 .71
5.45.6
5.52 .58 -
.72 5

4.67 .47 .. 4

4.27 .41

4 .96 .324

3.58 .25
2.94 .19

2 . ;3 .12

S 1 /30.-0 T -2.2 HO -10.82 OB =13.5 (cm)
H D/DB

1 1.15 1 .00
8.46 .93
6.92 .85
6 .35 .80
6.02 .73 .*

5.52 .65 4

5.76 .58
5.71 .61

4. 99 .5

%0 '

%.e J,



'.%-, *- . -

.55 .46.

%. %'* . .

4.08 .38 '

4.03 .36 -
3.140 .28 .... .*
2.64 .21 4.-

2.40 .14 .. -
. .... .

S =1/30.0 7 2.2 HO- 9.47DB= .9 c-. .'' %
H D/DB -

7.59 '.00-
6.73 .92
5.77 83 .

5.79 .75 " .
5.43 .73

.92 .65 . ,f

4.58 .56
14.56 L8
3.73 .41
3.26 .32
2.59 .24
2.40 .15

S '/30.0 T = 2.2 HO = 8.64 DB = 3.S c I.
H D/DB

11.30 1 .00
10.31 .94

" 2 86 . .

6.91 79
6.89 .30
5.95 .73
5.25 .65
1.92 .58

4.71 .53

.68 .46 -

4.20 .38 . -
3.84 .36
3.32 .28

2.49 .21 .. ', ,
2.21 .114 - -- .

%%%%,% '. ,,,.'. ,,

S = 1/30.0 T - 2.2 HO 8.145 0B = 13.5 (cm) -

H D/DB
10.77 1.00
9.7S .93 ,
7.68 .85
5.66 .78

c o 73"---

5.19 .65
,4.53 .58 0

107a ~~ + -.. . . . ...
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-. Y1

% %

4.39 .51
4.30 .36

2.93 .28 w
2.49 .21 . ,[
1 . 9 6 .1I 4 '< .

S 1 !/30.0 T 2.2 HO = 6.76 DB 11.8 (cm)
H D/ DB

8.73 1 .00
.:;6 .92

6.314 .83*
7.75

4. 43 .69
,4.57 .610

14 .44
~~ ~ .141

3.80 .32
2.55 .24 "

.77 .15 0

S -/30.0 7 2.2 HO - 6.32 D8 10.8 (cm)
H D/DB

9.15 1 .00
7.53 .91
5.13 .S2 •
5.2 .72 . -
4.76 .66
:4.97 .57

95 .46
3. L2 .37
3.90 .45

3.16 .35 .. ,
2.38 .26

233 .17 , ,

S = 1/303.0 T 2.2 HO - 5.57 DB - 9.8 (cm)
H D/DB A

8.38 1 .00
7.23 .90
6.07 .80
5.49 .69
4.70 .73

.32 .63
3.67.149

.39
2.25 .29

2.00 .19
/30.3 T = 2.2 HO = 4.67 DB = 5.8 (cr)

108
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- .~.~ . -. -. a. t * * -

VV

H D/DB ,,..
5.96 1 .00 .:

5.32 .90-i
4.99 •76

3.11 .61 -. ,,

2.93 .46

S= 1/30.0 T 1 1.4 HO = 16.10 DB 20.2 (cm)
H D/DB 0

16.71 1.00

16.16 .9 5
3.93 8

10.16 .84
9.30 .78

9.26 .724
7.79 .69
7.18
6.96 .59
6.65 .54
5.94 .50
5.36 .45
4.55 .36 , -.. -..

4.70 .31
4.34 .25
4.37 .20

S '/30.0'~ 7 HO .B= - .

H D/DB
'5.51 1.00
11 .. ,3 .95

8.18 .84
8.74 .81
8.96 .80

-a., 8.47 .74 a-.-,"

6.77 .66 ", .
7.04 .61
6.03 .54 .

.. 5.39 .49
4.66 .41
4.83 .35
4.42 .27
3.39 .22
2.94 .15

3.00 .11

S 1/30.C T = 1.4 HO - 14.00 DB 18.3 (CM) a.
H D/DB ""

'5.09 '0
3.04 95

1 .146 .87

109
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p.. , .

7... .8

5.93 .5

7.96 .82
7.62 .?5 -2

6.70 .21

5.68 .61

5.935 .87

5.13 .79
4.83 .14
4.78 .60

5427 .57

4.19 .26
3.80 .21

S = 1/30.0 T - 1.4 HO = 13.30 DB 18.2 (cr) ""-4
H D/DB 0

'2.67 1.00

10.62 .93
.57 .83

9.01 .77
6.88 .71
5.95 65.-
5.75 .42
5.91 .57
5.4, 3 .50 ..-<.

3.60 .24
3.7 .10
1.02 .35 -""-

3.82 .27 4-.Z.:-

S= /30.0 = 1.4 HO - 11.71 DB - 18.2 (cm)
H DB DB"-*.

' 2.09 1 .O0'''

'?.26 .93

9. 10 .87
v.31.6,,.- -"

6.. .61 .

7.34 .55 -,'..7

5.77 .149 ;,..,[.
5.06 .13 -""
3.80 .36 """
3.95 .30 "'...
3.69 .214 .. 4

2.9 7 .18 ''"''

S = )/33.O 1 I.14 HO - 13.01 DB - 15.8 (zm, $ [ -'-'"I=

H ">DB - ""

* .63 .95 0
'0.01 .914,

110
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9.56 .88
8.71 .81
7.00 .75
6.41 .69
7.49 .63
5.66 .56
5.37 49g
4.02 .41
3.82 .35
3.66 .27
3. 19 .21

O/3O.2 T 1 .4 HO = 3.19 DB = 7.5 cm )

6.36 1.00 S
5.28 .87
4.61 .73
4 . , 2 .67
2.63 .53
2.71 .38
2.31 .24 .

S= /30.0 T 1 1.4 HO = 6. 90 DB 7.5 cm) -.-
H D/ DB

6.34 1.00
5.52 .87

.75 .73 0
3.83 .56
2.73 .2
2.37 .27
'• 3 .13 -

'22.0 T = 1.4 HO = 8.16 DB - 6.0 (cm)
H D/DB -- . '

-~1.00
6.22 .71 ,
3.93 .46
2.31 .21

S= 1/20.0 T - 1.4 HO - 9.17 DB - 6.0 cm)
H D/DB

9.42 1 .00
9.00 .96
6.93 .83

-.2 .67 ...

4.-2 .50 % .
3.82 .46
2.69 .21

!% . ..1 
1



S = 1/20.0T = 1.4 fO = 10.53 DB= 8.0 (cm)
H D/DB

10.26 1.00
9.47 .73
6.97 .69
5.68 .50
4.41 .44 ..
4.51 .36
3.56 .25 0
2.95 .16 . -

S = 
1/200 T = 1.4 HO = 11.98 DB = 8.0 (cm.

H D/DB -.
11.14 1 .00

9.06 .81
5.8 .69
5.37 .56
3.99 .44
3.49 .38
3.25 .25
2.87 .16

S = 1/20.0 7 = 1.4 HO - 11.10 DB = 14.0 (cm)
H D/DB

1 .81 .00 
4.9.55 .64

3.29 .52
5.54 .36 .
4.3 a 25 ,3•6~ . ,3,Yj.pp "4,

61 .07 .

S = '2C.0 1' 1.4 HO - 13.22 DB = 14.0 (r'
H DID/

'3.92 1.00
12.10 .89 " J '-

8.22 .68
7.13 .52
5.35 .36
3.62 .18
2.80 .09

S- 1/20.0 T - 1.4 HO = 14.20 DB -6.0 cr)
H D/DB S

?.11 1.00
'2.33 .88

- 67 59

2.70 .08 

. 2 ._,
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..

1/20.0 T - 1.4 HO = 16.10 DB = 16.0 (c.') -
H D/DB

13.24 1.00 f V f -_,
1 .98 .80
8.03 .59
7.46 .45
4.82 .25
2.76 .08

S 1/20.0 T = .4 HO = 17.30 0 = 20.5 (cm)
D/ DB

5. 1 1 .00
12.51 ,8"
12.68 .71 0
0.53 .55
7.92 .46
7.09 .34 -
5.05 .22 
2.36 o06

S 1/20.0 T 1 1.4 HO = 16.92 DB - 20.5 (cm) '

H D/DB
'6.55 1 .00
12.94 .33
11.07 .71

7.94 .51 S
. . o •.- ' .6.-6 . 34

l.50 .22

2.52 .05

S = '/2D.0 7 2.2 HO = 5.61 DB - ".3 (cm)
H D/DB

6.' .97
5.32 .69

10 .69
'33 .55
3.32 . 34
2.21 .16

3 1/20.0 T 2.2 HO * 6.25 DB - 10.8 (cm)
H D/DB

7 .7 6 1.00 . - . -
7.08 .8"4
6.56 .67 .

5.53 .49
. 0 .37

:.99 .23
4- .12

IL.-.,



I ..

.%" 'V

S 1/20.0 T- 2.2 HO 6.95 DB 9.3 (cm)
H D/DB
8.33 1.00 -0
8.o .81 ,
4.90 .59 w '
5.25 .57 <

3.01 .27
2.42 .14

S 120.0 T - 2.2 HO 8.30 DB 9.3 (cm)
H D/DB ", . -

C0.45 1.00
?.58 .81 " "
5.00 .59
5.06 .57
4.02 .43
3.33 .24
2.80 16 . _". _"

= 1/20.0 T = 2.2 HO - 9.46 DB - 10.5 (cm)
H D/DB

72. 34 1.00 
.

1 1.39 .88 ~
9.00 .76
6.32 .6.4

DI9 D.5-0..'-.

4.16.38:.
3.71 .26
2.39 .. ,

S 1/20.0 T =2.2 HO -9.83 DB -12.3 (cm)
H 0/DB

'0.6 .86
.76 " -

7.i9 .65
6.22 .54 "
5.13 .43
4.52 .33
3.82 .22
2.73 .12

S 1 '/20.0 T = 2.2 HO - 10.12 OB - '2.3 c *

H D/DB
I .. ;o 1.00

.6 .69

6.22 .5-9

114
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0

5.42 .39
4.28 .29
3.26 .20

S -1120.0 7 2.2 HO =10.57' OB 7 3.5 (cm)
H D/DB

11.69 .9"
12.81 1 .00
11.89 .910
11.06 .81
10.30 .74
9.71 .72

'.30 .65
A1.54 .56
5.38 .46
5,07 .37
4.50 .28
3.33 .19

1120.0 T =2.2 HO =11.34 08 13.3 (cm)
H D/DB

12-31 1.000
11.25 .91
9.29 .81
8.27 .72 S

6.72 .62
"5. o' .47

5.34 .42 0
5.53 .40

4. 4 .30
3.56 .21
2.59 .13

S 2 /2.0 T 2.2 HO = 12.14 DB 15.3 (cm)
H D/DB
8 I .00

65.92 ,.

:),o .54

.98 .74
9.29 .66
.87 .57

5.97 .49

5.7 .41' .

5.98 .34
4.95 .33

.26

3.33 .19 .

....

%~ % %

2.3. I O0-

• . % .% . . ...



S -1/20.0 T =2.3 HO -13.55 DB =16.5 (cm)
H D/ DB

15.58 10
1I4.94 9
14.79.8
11 .00.7
10.85 .57
8.19 .59
7.70 .52

5.1 3 -35

.27 .29
4.52 .24

32 71
.1 .090

S /50.0 1 1.3 HO 10.31 DB 16.4 (cm) d
H ~D/DB :.

0.60 1 .00

1034 .96 
--

3.65 .92 
p

9.)1 .89 
"5.35.5

5.37 .85

3-7h .80

.76

,:.25 .70

~~.i 7

2 .6

- .63'

,45 .623

.1 3 .59
1 3 .58

.35 .57
4.03 .55

.98 .2
3.92 .50

;323

% % % %
3.6 -A



'-46B, S

3.50 *39
3.23 .36
3.39 .29 -

2.60 .28 I"*

2.76 .25 .

2.07 .24
2.65 .23 .

2.33 .20
2.0' 19 -

1 7 10 [' - -o6 .10

.95 .05 0

,, 
.03

S 1'50.0 T - 2.5 HO - 5.34 DB 9.7 (cm)
H D/DB

9.90 1.00
7-6 95
68 .91

5 .' .87
5.54 .33

.00 .0 6
- .75 .7 5

4.26 .714J1,;.66

3.66 .52
.6 .59

3.51 .504

2.67 .43
2.38 .38
2.1 3 .34

.'3 8 .29
.53 .21

1 .19 .16
.99 .12
.89 .09
.79 .07
.69 .05
.54 .03 0

S '/90.0 T 2.0 HO - 4.65 DB = 8.5 (cm)
H D/DB

'.30 1 .00
6.7 9 .97 .

5.55 .93

17%

.: .,..:..-. ..
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• " " " "" " " " " "" "" " " " " -" "" "" "" " " " " " "" " "" " " " "" " " " " , " % % - - , " . W -,,% , ,,,9 '



, .' ..,

3.94 .88 ...-

3.72 .84
3.50 .75 -
3.14 .71
3.07 .69
3 .36 .64
2.85 .55
2.99 .51
2.96 . 7 ,

3.29 .45 "

2.'9 .39
1 .68 33.
1.53 .28 "
1.39 .2 .

1 .24 .20
.90 .16.80 .71w. <.<
.51 06

w 4 .014

S = 1/45.0 T 1.6 HO - 16.60 DB 20.8 ( "'
H D/DB

1..9 .04
2.32.1
1.66 .16
3.32 .20
2.66 .26 .., ,

2.82 .33 .'

3.32 .50
5.87 .65 v'. ,..
8.13 .68 "
7.30 .71
4 .1 .88 " " "<

'2. 73 g90
~15.1 .00

S = 1/45.0 T - 2.4 HO - 15.80 DB 'S.9 (cm -

H D/DB

95 .05 *-. . , ".
4.11 .34
5.21 .48 - . '
4. 58 .60
9. 6 .75 0
5.80 1.00 ~

S= '5. 7 3. 4 HO = 13.00 DB = 13.8 *m -
7fD/DB" - - '

"2 .08

. I-"j "

%* %

-i - %,
,,'



.% % %.

2.47 .35
2.47 .52
4.55 .69
6.50 .81

10.53 .88
0.27 .92

13. 00 1.n0

S= ','-. = 4.9 HO = 13.00 DB = 13.9 (cr •
H D/DB
'7 .20 . . ,.

-- ., . ,. ,

!. ? 5 -']1',_

6. ' .78•

3. 7 .85 .

3. -X .00.

/25.0 , = 1.6 HO = 16.0 DB = 21.7 (cm)
H DDB ".

2.3?0 .07

2.9 .15
3.94 .20

3.94 .25 . ..-. ,.
3.77 .27
4'.59 .32

5.39 .49
.35

: 5 • 45"' " ""

3. ?, •77

1 .00 .

2 5. T 2.4 HO 14.40 .B .16.9 (cm)

.10
3.02 .19 -0

3. 46 .32
5.04 .43
5.47 .51
5.76 .59
5.90 .64

".- S',-%/

.82
-0.0 

..

"" Nf,"I

.'..-. ,r.
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3 0

S =1/25.0 T =3.14 HO =11.80 DB =11.1

H D/DB8
2.148 .15
2.48 .28
4.37 .140
5 L'3 .51
5.90 .79
9.39 .91

So.6 1.000

2 250 .48 HO 11.90 2=12 (m

3 .1

.50

.15 .91
.90 1 .00

2 .0 T 1.6 IHO =15.60 DB =18.3 (cm)
H D/ DB

2.03 .10
6.24 .27

.7 7 .35
i~o .51

1.08 .70
* ' -* 62 . 84 ~

60 1 .00

S = '2.0 7 T 2.14 HO =12.70 DB =10.8 (cm)
H D//DB

5. 460 .17
5.21 .146
7.2 4 .60

1 2.70.88
1 2.70 1 .000

S 1 112.0 T =3.14 HO = 14.80 DB =9.3 (cm)
H D/ DB 

.

3.70 .20
.77 .37

5.77 .530
10.95 .69
I. 47 .88

1.8 1 .00

120
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3-0 . .

= 1/12.0 T 1 4.8 HO = 11.20 DB 5.2 (cm)
H D/DB 

-"
3.02 .20 

.07 .65%

4.82 •.35'." -'-

8.85 .53

7.28 .19 1*3v

.0.75 .87 -11 .20 1 .00 - -"

S1/4. T = 1.8 HO 16 DB 12 (m)-

H D/ DB

.2 .87

.09 .79.07 .5•

.06 .53 
..0-7 .692

3'4 .28
.03 .19
.02 .07

S 1/10.0 = 5.0 HO = 1.21 DB = 1.9 (m)

H D/DB
10.00 1 .00

8.73 .91
.70 .70
6.90 .79

6 3 .71 " "

.57 .69
3.93 .69.53 .52.]-[ -; -"

.63 .128
•. 41.

3 .31 A-. .- ..0.25 "."-.'
.20 .20 "."'. [

S1/10.0 T = 1.2 HO = 10.00 DB = 8.3 (cma) 0
H D/DB "" "

10.00 1.00-.-.-'"
8.78 .85 ' " '

6.73 .71.- ."'-
6 .1 2 .5 5 " - - -
5.10 .140 03.98 .27 .[..L -I.
2.96 .12

--.- .



S - /294 T -3. 1 =i .3 B 2.0
H D/ DB

1 .29 1 .00
1 .20 .92 ~

.68 .75 ~.i

.50 .58

.41 .41

.38 .25

.25 .08

S 1 '22. 2 7 =5.9 HO = '.36 DB = .9 /mn)
H 0//DB

19 1.00
.L49 .88
.88 5

35 .18

S = '/62.5 7=9.0 HO = .36 DB = .6 (n
LH D/DB
.52 1 . 0

1 .23 .95
.85 .85
.66 .74
.38 .54
25 .44

.08 .33

S -'/45. =9.0 HO = .47 DB =1.4 (mn,
H D1DB
.97 1.00
.84 .92

. 33 .53
.25 .37

0

Ib
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APPENDIX B: LONGSHORE CURRENT COMPUTER PROGRAM AND SAMPLE RUN

LONGSHORE CURRENT BASED ON POWER LAW WAVE HEIGHT DECAY %

This program calculates the longshore current based on an empirical power Law
expression for the wave height decay in the surf zone, .

H = F *hb1(h/hb)**n

where: H is the wave height %

h is the water depth
htb is the water depth at breaking
Hb is the wave height at breaking

7 is the breaker index (Hb/hb)

n is the exponent 'typical range 1.0 to 2.0)

The exponent n is a function of the beach slope and the breaker index. The %

exponent may be input directly or calculated in the program from the beach
slope and breaker index. Other inputs include the parameter P expressing

the relative importance of lateral mixing and bottom friction (typical range
.01 to 0.10) and the wave angle at breaKing (typical range C.0 to 30.0

iegrees ).

S:. -,'.-"

Do you want the program to calculate the power law exponent? (Y or N'

input the beach slope, breaker index (e.g. 0.02,0.3)

:.02,3.78

input the parameter P
0.05 " ";

input the breaking wave angle (degrees) "

0
n = 1.7L P = 0.05 Breaking wave angle =10.0

%J

0
% %' %

% ,. .'

*~.=,.**.... ,,

- ';-'' --'""' -".-"-""-.--".'-'-. " .- '-; -"'. . --S : '- *- ~--". '-" -' %.- . . . -'' .
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I
%

,.-.,-*
,'<. .'.

r
Pongshore Current Distribution

V is the dimensionless iongsncre :2rrent soeed
X :s the dimensionless dstarce rom tnr.e mean shore:.1e S

0.000 0.003 0.009 0. '7 0.229 O.423 1.059 C.:"6 0.376 :.6X 0.000 0.020 0.040 0.06, 0.080 0.'00 0. '20 3. 40 C.'62 0. - .

2 0 . ') . 22 .. 0 3.2CC -23C . 0 '3 5 0 9.5 3 .5 0 }: r - -

D~~~ ~ ~ ~ "I . 1 -- 3

: 2.- , . '8 • --, , . ' 3 .724 -. 7 3 , . .7 ; 0. . . . .,_ . .
S 2.£, .C20 .-. " .2 2. -'.680 T."0 0.720 0.740 . r' 3.635

, . .'5 ". 3 -. - .2C .. 3. 351 .64 5 3.25 . ' . ; "I

' .0.520 0.820 0.843 0.63 0 .880 0.900 0.920 0.940 0.960 0.080

' 0.57 '.462 3.-.22 0.386 335-. 0.325 0.299 0. "25 0.254 D.215
K= 1.320 '.020 1.040 I1.60 1.080 1.130 1.120 12'40 1.'60 1.180 6

- 0.217 ,.201 0.786 0.173 0.'61 0.15C 0.' 39 030 32 0.1'3 - ,
X '.200 1.220 1.240 1.260 '.280 '.300 1.320 1.340 .360 1.380

V = 0.106 3.099 3.093 0.087 0.082 c.'77 13.072 068 c.264 4 .06:
'..-03 1.L20 L440 I .,A6 1.480 ".500 '.520 '.5 0 '.56- '.5,.

.", .,5 .354 0.051 0048 .3 45 0 CL3 0.041 0.0% 0.3 " 35
S.600 1.620 '.640 1.66C 1.680 1.700 1.72C '.74C 760

, = 2.131 3.23' 1.--0 C.028 0.27 2.C26 - 2 .23 0,22 2."-
.'.°00 I.i20 1.840 1.860 1.880 1.900 1.320 19 '.36I '.--

: ';-j want to make another run? (Y or N)

0

.. .

* ?2RTRAN STOP"- '.

%~~" "" ""v%'%e

%,,6: %,4L

, .. . . . . . . . . .*.. . . .. . , .. ..._, .. , P.. ,.. .... , .... . ,.-
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Analytical Model of the Longsr.ore Current Based on *-

Power Law Wave Height Decay :ncluding tne Effect of -
Large Incident Wave Angles

JANE SMITH 29 OCT 86

-efinit'ons of variables and arra.s--

N - power law exponent, input or calcilated Internally
from the beach slope and breaker index

P - parameter expressing the relatve importance of
.ateral mixing and bottom friction (0.01 to D.<) 0

THETA - breaking wave angle in degrees . .-

- order of the solition 12'
THETAR - breaking wave angle in radians

S:NTB2 - sine of the breaking angle squared
From Equation 3-69: "-'

PO - p, QQ - q, A(1) - Ao, A(2 ,  - A', A(3', - A2 S
BETA{;) - Bo, BETA 2) - Bi, BETA,3) - B2 . -

7.,E TA(1) - Co, DELTA(2) - , DELTA 3) - 2
-MA - SA, SUMB - SB, SUMC - SC . ,

SNMA - SA', SNMB - SB', SNMC - SC' .
3,''' bl, B(2) - b2, C,1) - l , C '2) - -2

xl - nondimensional distance from the shoreline,

V- ) - nondimensional longshore current speed,

V, vo

D..E--NSI'.,'N A 25),BETA(25),DELTA(25),B(25) ,C(25)

ZINSI3N X(100),VO0)
DATA INO/I'N'/,IYES/'Y'/

REAL N
S2

-YPE 60 0
FORMAT(//,IX,'LONGSHORE CU'RRENT eASED ON POWER LAW WAVE',

1x, 'HEIGHT DECAY')i

FORMAT(/IX,'This program calculates tne longshore current -
based',

, on an empirical power law expression for the wave', , '
I ',,might decay in the surf zone,' ,//<x,'H - gama* " -

//'x, 'where: H is the wave heigh!t' ,/9x, 'h is t.e water e~ tr' ,

*19x,'hb is the water depth at breaking',/Qx,'Hb is t w.ave.-e'

x,'height at breaking' ,/9x,'gam a is the treaker 4n4ex H .
*? x,'n is the exponent (typical range 1.0 to 2.0)', , )

-Y?P. n2

. .L -. %

.• - ,.-.-.-.- .
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0

62 FORMAT(' The exponent nl is a function of the beaCh! slope 3n'
/'the breaker index. The exponent may be input directljy cr' '

/'calculated in the program from the beach slope anc breake-
/'index. Other inputs include the parameter P exore331n g',
*'the relative importance of lateral mixing and bottom',
1'friction (typical range 0.01 to 0.10) and the wave angle',
'at breaking typical range 0.0 to 30.0 degrees).')

63FORMAT(//,1X,'Do you want the program to calculate the po)wer',
*ixlaw xpon nt? Y or N)')

:F'IANS.EQ.:NC) G: TJ 70%A

F.MAT I X,'nput tne beach slope, breaker index 'e.g. .2?
R E AD *SLCPE,5INDEX
N=0. 32-0.0096/SL0PE-0 . 657*BSINDEX+0. 043*BINDEX/SLOPE
00D TD 74
-*P 72

7 F CR M A T('1X,'1nput power law exponent, n')

FORMAT( /1X,'lnput the parameter P')

-7 C-RMAT(/1X,'Input the breaking wave angle fdegrees'') .

R 7A D ,T HETA
T-Y?E 7B ,N , ?, Ti.ET A
F ' R X AT//,lX, 'n - ' ,F4.2,2X, 'P =' ,FLS.2,2X, 'Brea~ing wiav e',*.

A-N2-1 .0
-HETAP-3A14159*THETA/180.0
3>NT32-(S:N(THETAR))**2

BETA1) -1 .0

DELTA(1) =1.0
SUMA-AC 1)
SUMB-BETA( 1
SUMC-DELTA( I
SNMA-N*A( I
SNMB-PP*BETA( 1)
SNMC-QQ*DELTA( )

Z-F'-AT(l)

F.AC N 2 - A C N 2

126

0
%. %% % %

I.. '~ .JL



IF(FACN2.LT1.1.0)FACN2.0

A(II)-A(II)*SINT32 *#7 SINT32*A(I::-l

BETA(II).SINTB2*BETA I: -I

SUMA-SU;MA+A(I
SUXB=S'UMB+BETA )
SUC=SUMC+DELTA(rI
SNMA=-sNMA<'N+Z) A (I:
7N.MB=SNM.B- PP+Z )*BET A ( I I)
SN!C=SNMC+ (QQ-Z )*EZTA(LI)

10 CON TTIN UE

B(i)-(SNMA*SUMC-SUMA*SNMC)/(SUMIB*SNMC-SNMB*3UMC-) p.
>1SNMA*SUMBSUMA*SNMB)/(SUMB*SNM-ISNMB*SUYC)

D20 T - MM

3, T. B 1) *BETA )-
CC I =C 1)*DELTA( I)

2C C 2NT :N UE .*.

X(j)=FLOAT'(J-1)/50.

.4,J-50)=30O

:1- 101 K=1 ,MM
Z=FLOAT(K)-1 .0

V 150) =V( J+50) C(K) *(X( J+50) )**QQ*-Z)
3 1 C3NTINUE

'00 CONTINUE
TYPE 43
FORMAT( 1X,'Longshore Current Distribution"
TYPE '44
FO"RMAT(5X,'V is the dimensionless lorngstore current 3zleeZ'
5/Sx, IX Is the dimensionless distance from the mean s~e~e

DO 4~5 1-1 , 10
K' <Ii 1 0 +1 --

K2-KI +9*
TY PE 5 0 , ~V( K) ,K-Kl ,K2)
TYPE 51, (X(K) ,K=K1 ,K2)

TY P 52
.5 CN T N 'EE
5; F 3RiAT (1 X , V - OFT. 3)%

FR MATH1X , X -=

%~ d

% %2%
%S



- -s -. ... * -' --
5%~*5a.*'

%
-s 0

~.. .5 V
a.

'aFCR.MATHX ' '.5,

'a.

TYPE 95
FORMAT(//1X,'Do you .ar~: to rna~e ~r.o:rer run? '~ or N
READ 6~4,IANS

~IANS.EQ.YES~O 7:99
STOP
END

0
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APPENDIX NOTATION

B lateral mixing stress

<ay> average bottom friction stress % %

wave celerity "

Cl) drag coefficient

friction coefficient

group wave celerity

wave energy density per unit surface area

:oriolis parameter

Fx energy flux In the onshore-direction per unit distance
parallel to shore

g gravitational acceleration

wave height -

* water depth
-P-% - '

wave neight at wave breaking

nb  water depth at wave breaking

deepwater wave height

.ecay' cefficient in Dally et al. (1985a, 1985b) wave neight
cecay model

S eecwater wavelength -.

teach slope -

exponent in power law wave height decay expression
Parameter expressing the relative importance of-

lateral mixing and bottom friction (including the
effect of wave setup) in the longshore current model

parameter expressing the relative importance of
lateral mixing and bottom friction (excluding the .- .
effect of wave setup) in the longshore current model

Sxx mean flux of momentum across a plane x - constant, .1-.*

principle component of radiation stress

x7 y mean flux of y-momentum parallel to the shore across a
plane x - constant, component of radiation stress

nave period

t t -m e

a.-' -!

%. - . '



1 *

u onshore current component

U wave orbital velocity '

V nondimensional longshore current speed, v/v0 ;Pr

v longshore current component .5 -
v maximum longshore current speed for special case of

n -I and lateral mixing stress neglected

X ldimensionless onshore coordinate, x/xb

x onshore coordinate

X, ocation of wave breaking

alongshore coordinate

.4 wind speed

3 angle of bottom with the horizontal

constant in the expression for e,

ratio of wave height to water depth at wave breaking .

energy dissipation rate

lateral viscosity coefficient '....

*n wave setup

nb  wave setup at wave breaking

incident wave angle

9. incident wave angle at wave breaking

the constant "

ensrity of water

Incident wind angle

l3cal wave stress

wind stress

*.°.. - ,-
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